Analysis and stability of microencapsulated folic acid during the processing and preparation of instant Asian noodles by Hau, R
 The analysis and stability of 
microencapsulated folic acid during the 
processing and preparation of instant Asian 
noodles 
 
 
 
A thesis submitted in fulfillment of the requirements for the 
degree of Doctor of Philosophy 
 
 
 
 
Rodney Hau 
B.Sc. Food Science and Technology (Hons) RMIT University 
 
 
 
 
School of Applied Sciences 
Science, Engineering and Technology Portfolio 
RMIT University 
December 2008
Declaration 
i 
 
Declaration 
I certify that except where due acknowledgement has been made, the work is that of the 
author alone; the work has not been submitted previously, in whole or in part, to qualify 
for any other academic award; the content of the thesis is the result of work which has 
been carried out since the official commencement date of the approved research 
program; and, any editorial work, paid or unpaid, carried out by a third party is 
acknowledged. 
 
 
 
Rodney Hau 
December 2008 
Acknowledgements 
ii 
 
Acknowledgements  
Firstly I express my sincerest appreciation to my supervisors Associate Professor Darryl 
Small and Professor Philip Marriott for all their guidance, discussions and contributions 
throughout my studies.  I am thankful to Prof Philip Marriott for all his efforts in 
helping me when drafting and submitting all manuscripts for publication.  Thank you 
also for all your assistance and feedback during the development of the analytical 
methods.  I am thankful to Dr Jeff Hughes for his assistance and devotion to ensuring 
the statistical aspect of my research was performed accurately.  Thanks to Mr Paul 
Morrison for all his work and undivided devotion in making sure the analytical systems 
were consistently operational. 
 
I am especially grateful to Darryl for his unwavering support, understanding and 
dedication.  He has always given invaluable advice and encouragement throughout my 
research as well as outside of university.  I truly value his approach to research as he 
continuously sought to provide me with valuable opportunities and experiences.  His 
constant reassurance throughout the years will never be forgotten. 
 
I gratefully acknowledge the financial assistance provided by the Grains Research and 
Development Corporation (GRDC), Canberra, Australia, in the form of a Postgraduate 
Grains Research Scholarship. 
 
Special thanks to the academic and technical staff of the Food Science and Technology 
discipline.  In particular, thank you to Mr Michael Kakoullis, Laboratory Manager in 
Food Science and Technology, and the laboratory technicians Lillian Chuang and Mary 
Pecar for their trust and friendship during my time in the Food Science Pilot Plant.  
Additionally, a warm thank you to the Applied Chemistry Laboratory Manager Karl 
Lang for his assistance and efficiency in ordering and supplying consumable materials.  
Thank you also to Nadia Zakhartchouk, Zahra Homan, Dianne Mileo and Ruth 
Cepriano-Hall for their support in the chemistry laboratories and with borrowing 
equipment. 
 
I also appreciate the time and efforts of Mr Philip Francis, Senior Scientific Officer, 
Applied Physics for providing his expertise with the environmental scanning electron 
Acknowledgements 
iii 
 
microscope. Furthermore, I particularly express gratitude to all my colleagues at RMIT 
University for their help over the years; special thanks to Dr Larisa Cato, Dr Omar Al-
Widyan, Dr Shaojun Tian, Marissa, Tin, Mei, Michael, Con, Cecillia, Niji, Omer, 
Nicha, Siang-Wei and Claudio for their friendship, useful discussions and moral 
support. 
 
My deepest thanks to my family.  Their love and moral support has been the foundation 
of my strength, focus and commitment to complete my study.  Thank you to my mother 
and father, Nicole and John, my brother Gerald and sister-in-law Gina and my sister 
Isabelle and brother-in-law Thomas.  Finally, to my fiancée Thananda.  Without her 
none of this would be of any significance.  She has always been a source of undying 
love, support and comfort and has always renewed my confidence when times have 
been difficult.  I thank her for everything she has done for me and will forever be 
grateful. 
Publications 
iv 
 
Publications and presentations 
Most of the work reported in this thesis has previously been presented in the following 
papers: 
 
Journal publications 
Hau Fung Cheung, R., Marriott, P.J. and Small, D.M. (2007) CE methods applied to the 
analysis of micronutrients in foods. Electrophoresis, 28(19): 3390-3413 
 
Hau Fung Cheung, R., Morrison, P.D. Marriott, P.J., and Small, D.M. (2008) 
Investigation of Folic Acid Stability in Fortified Instant Noodles by use of Capillary 
Electrophoresis and RP-HPLC. Journal of Chromatography A, 1213: 93-99 
 
Hau Fung Cheung, R., Hughes, J.G., Marriott, P.J. and Small, D.M. (2009) 
Investigation of folic acid stability in fortified instant Asian noodles by use of 
capillary electrophoresis. Food Chemistry, 112(2): 507-514 
 
Refereed conference proceedings papers 
Hau Fung Cheung, R., Small, D.M., Marriott, P.J. and Hughes, J.G. (2007) 
Development of a rapid CE method for the analysis of folic acid in starch matrices. 
In: Panozzo, J.F. and Black, C.K. (Eds), Cereals 2007-Proceedings of the 57th 
Australian Cereal Chemistry Conference ‘The Appliance of Science’, held from the 
5th until the 9th of August 2007 in Melbourne. Australia and published by the Royal 
Australian Chemical Institute, Melbourne, ISBN 1 876892 16 3, pp197-200 
 
Goh, S.W, Hau Fung Cheung, R. and Small, D.M. (2008) Strategies for enhancing folic 
acid retention in cereal foods, Cereals 2008-Proceedings of the 58th Australian 
Cereal Chemistry Conference, held from 31st August-4th September 2008, Surfers 
Paradise, Gold Coast, Queensland, Australia and published by the AACC 
DownUnder Section, North Ryde, NSW, ISBN 1 876892 18 1, pp83-86 
 
Hau Fung Cheung, R., Small, D.M. and Bui, L. (2008) Current research on the analysis 
of folic acid and folate in cereal foods, Cereals 2008-Proceedings of the 58th 
Australian Cereal Chemistry Conference, held from 31st August-4th September 
2008, Surfers Paradise, Gold Coast, Queensland, Australia and published by the 
AACC DownUnder Section, North Ryde, NSW, ISBN 1 876892 18 1, pp211-214 
 
Other conference presentations 
Hau Fung Cheung, R., Small, D.M., Marriott, P.J. and Hughes, J.G. (2006) 
Optimisation of analytical conditions for the measurement of FA by capillary 
electrophoresis. Proceedings of the 14th Annual Royal Australian Chemical Institute 
(RACI) Environmental and Analytical Division Research and Development Topics. 
Publications 
v 
 
Held from the 5th until the 9th of December at the University of Wollongong, NSW, 
Australia 
 
Hau Fung Cheung, R., Lay, S.Y-S., Small, D.M., Marriott, P.J. and Hughes, J.G. (2007) 
The Development and Application of a New Procedure for Analysis of Folic Acid 
in Cereal Foods by Capillary Electrophoresis. Presentation at the AACC 
International Annual Meeting, 2007, San Antonio, Texas, Melbourne, 7th-10th 
October 
 
Bui, L.T.T., Hau Fung Cheung, R, Kawila, N. and Small, D.M. (2008) The retention of 
folate and other B group vitamins in Asian noodles and the potential for 
fortification. Presentation at the 14th World Congress of Food Science and 
Technology, 19th-23rd October 2008, Shianghai, China 
 
Hau Fung Cheung, R., Marriott, P.J., Morrison, P. and Small, D.M. (2008) Investigation 
of folic acid stability in fortified instant noodles by use of HPLC. Presentation at 
the Annual Meeting of the American Association of Cereal Chemists International, 
September 21st-24th, 2008, Honolulu, Hawaii 
 
Hau Fung Cheung, R., Marriott, P.J. and Small, D.M. (2008) The Stability of Folic Acid 
in Fortified Instant Noodles by use of Capillary Electrophoresis and HPLC. 
Presented within the Technical Session “Current and future development in cereal 
product formulation” at the 13th International Association for Cereal Science and 
Technology (ICC) Cereal and Bread Congress-Cerworld 21st “Cereals worldwide in 
the 21st century: present and future”, 15th-18th June 2008, Madrid, Spain 
 
Abstract 
vi 
 
Abstract 
Wheat and wheat products represent a major food staple consumed around the world 
with Asian noodles accounting for the end use of at least twelve percent of all wheat 
produced globally.  In Australia, approximately one third of bread wheat exports are 
used for noodle production with the consumption of noodles, particularly instant fried 
Asian noodles expanding rapidly in recent decades. 
 
Fortification of instant Asian noodles with folic acid has the potential to enhance dietary 
folate intakes. Recent studies have generally revealed that the status of folate within 
certain population groups of many countries do not adequately meet the reference 
values.  Furthermore, the stability of this water-soluble vitamin should also be 
considered as reports have shown the degradation of folic acid upon exposure to light, 
air, heat and extreme conditions of acidity and alkalinity.  Internationally, the traditional 
method for the determination of folate in food matrices has been through 
microbiological assay, however, due to the extensive time required for sample 
preparation and analysis, alternative procedures for analysis need to be considered. 
 
In this context, the aims of the current study have been to investigate the stability of 
added folic acid in fortified instant fried noodles by analytical methods of capillary 
electrophoresis and reversed-phase high performance liquid chromatography.  
Additionally, procedures for the microencapsulation of folic acid by spray drying have 
been evaluated along with their significance in increasing the stability of the vitamin 
during processing and boiling of instant fried Asian noodles. 
 
Initial studies performed for the optimisation of the capillary electrophoretic conditions 
showed that the maximum response of folic acid relative to an internal standard was 
achieved using various concentrations of phosphate and borate.  Statistical analysis was 
also performed on analytical parameters including the effects of pH, voltage and 
temperature.  Several trials were conducted to determine the effect of enzymatic 
treatments on the liberation of folic acid from the instant noodle matrix based on the 
optimised capillary electrophoretic conditions.  Higher recoveries were obtained using 
the enzymatic treatmeats however recoveries in excess of 100% were attributed to 
sample matrix interference.  Correction of these effects was achieved through the use of 
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either standard addition or an internal calibration, both of which were effective in 
correcting for matrix interferences. 
 
Comparative investigations were performed with reversed-phase high performance 
liquid chromatography to confirm the results obtained with the capillary electrophoresis.  
Using either a phosphate based buffer in conjunction with an ion-pairing agent at 
alkaline pH or an acidic mobile phase, the results attained were in good agreement as 
folic acid exhibited excellent stability under typical processing conditions. 
 
Several food approved hydrocolloids were evaluated for encapsulation of folic acid by 
spray drying. The incorporation of the microcapsules into the formulations of fortified 
instant fried Asian noodles showed that after boiling the folic acid was chemically 
degraded to some extent and some leaching also occurred.  Folic acid microcapsules 
exhibited similar degradative properties regardless of the binding agent used, with 
losses still occurring during the boiling stage.  In order to enhance the structural 
integrity of the spray dried microcapsules, CaCl2 was used as a cross-linking agent for 
capsules prepared using alginate or pectin binding agents.  In both instances, 
considerable increases in retention of the core material were observed as the network 
exhibited a reduction in swelling and hydration, and subsequently a decrease in the 
release of folic acid. 
 
In summary, capillary electrophoresis and reversed-phase high performance liquid 
chromatography provided excellent separation and exhibited good quantitative analysis 
of added folic acid in instant Asian noodles.  Excellent resolution was obtained between 
the sample matrix interference of instant noodles and the analysed vitamin.  Folic acid 
displayed high stability throughout the processing of instant noodles whereas there was 
consistent evidence that unencapsulated folic acid was degraded during boiling.  
Microencapsulation of folic acid with combinations of alginate and pectin as the binding 
agents, proved to be effective in maintaining folic acid stability when calcium treatment 
was performed after spray drying.  These findings provide an effective way to retain 
folic acid used in fortifying Asian instant noodles. 
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Explanatory notes 
The purpose of these notes is to briefly describe the approaches adopted during the 
preparation of this thesis. They relate to the calculation of folic acid, spelling, units of 
measurement, the expression of analytical results, as well as the referencing of literature 
sources: 
1. Where alternative spellings are in common use then the British rather than the 
American approach has been adopted in the text. Examples include words ending 
with -ise (rather than -ize) and some technical terms. 
 
2. For the presentation of experimental results, SI units have been used throughout 
this thesis. 
 
3. Typically, calculations relating to the concentration of folic acid were expressed on 
a dry weight basis unless otherwise specified.  This was done to ensure that a direct 
comparison could be performed between results obtained at different stages of 
processing for instant fried Asian noodles. 
 
4. The moisture content and the time required for cooking to the optimum point were 
routinely measured for each subsample of noodle analysed at the different stages of 
processing.  Each result was performed in triplicate, averaged and then used for the 
calculation of dry weight basis.  It should also be mentioned that at different stages 
of this study, variations in the results were found, which most likely reflects some 
minor differences in the sizes of noodle strands due to the distance between the 
cutting rolls. 
 
5. In the citation and listing of references and information sources, the current 
recommendations to authors for Food Chemistry (published by Elsevier) have been 
applied throughout. 
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Chapter 1 - Introduction 
The purpose of this chapter is to provide an outline of the research program described in 
this thesis on the stability of folic acid (FA) during the processing of instant Asian 
noodles by capillary electrophoresis (CE) and reversed-phase high performance liquid 
chromatography (RP-HPLC). This project has been developed on the basis of the 
following issues: 
• FA is essential to human health facilitating the single carbon transfer reaction for 
the synthesis of basic constituents of DNA and RNA all of which are nucleic acids 
that provide the genetic basis of life; 
 
• Research over recent decades has shown that low or inadequate folate 
concentrations may contribute to congenital malformations and development of 
chronic disorders including neural tube defects (NTD), megaloblastic anemia and 
elevated levels of homocysteine; 
 
• In Australia, a significant number of pregnant women have probably been folate 
deficient; with higher rates of deficiency occurring in developing countries; 
 
• It has been reported that FA may be more effective in reducing the incidence of 
NTD than conjugated food folate as it is more readily absorbed; 
 
• Cereal grains have been a primary candidate for fortification as these are consumed 
by most women of childbearing age and are already subject to standards of identity 
for nutrient enrichment; 
 
• Internationally, Asian noodles represent a major end use of wheat with an estimated 
proportion of more than twelve percent of total world wheat production used for 
these products; 
 
• Instant noodles are the fastest growing sector of the noodle industry and play a key 
role in the nutritional requirements of many Asian countries; 
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• Instant Asian noodles are potentially a suitable vehicle for fortification and 
enrichment to ensure adequate intakes of folate; 
 
• Fortification with FA has a possible limitation in that the added vitamin may be lost 
during processing due to sensitivity to heat, oxidation and particular conditions of 
pH.  Furthermore, FA appears to be photosensitive and may be degraded in aqueous 
solution by sunlight, ultraviolet (UV) light and visible light; 
 
• Microencapsulation offers a novel approach for enhancing FA content, stability and 
bioavailability in foods; 
 
• Several limitations exist with the current standard microbiological assay for folate 
determination.  These include the lack of information on the individual folate 
forms, multiple interferences from the sample matrix, and significant growth 
response differences to various folate forms.  Furthermore, the assay requires a 
minimum analysis time of typically five days to obtain a result, which is often time 
consuming; and 
 
• CE and RP-HPLC offer potential as they do not demand such labour intensive 
preparations, providing for very efficient separations, low solvent consumption and 
ease of automation. 
 
Accordingly, the research reported in this thesis is based upon the need to analyse FA 
added to instant Asian noodles with analytical methods that are both rapid and reliable.  
Extraction procedures and methods of analysis for the measurement of FA have been 
investigated.  In addition the stability of FA during the processing of instant Asian 
noodles has been evaluated along with strategies of microencapsulation to enhance 
retention both during processing and subsequent boiling of these products. 
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Chapter 2 - Background and literature review:  the 
significance, sources and stability of folates 
The purpose of this chapter is to provide background on folate whilst reviewing the 
relevant and current scientific literature available.  The areas that will be discussed 
include the nutritional significance, chemical stability and fortification strategies.  
Additionally, various methods of folate analysis will also be mentioned.  In the present 
context, the term FA is used specifically to designate pteroylmonoglutamic acid (Ball, 
1998) whilst folate is a nonspecific term referring to any compound with this particular 
vitamin activity (Ball, 1998). 
 
2.1 Introduction 
Folates are generally thought of as water-soluble vitamins belonging to the B group 
complex.  As folates are synthesised only by microorganisms and plants, humans 
depend on a variety of dietary sources for the vitamin, which include liver; fresh, dark 
green, leafy vegetables; beans; wheat germ; and yeast (Francis, 1999; Lucock, 2000).  
Naturally occurring dietary folates consist of a reduced pteridine ring as well as a 
polyglutamate polypeptide chain that is hydrolyzed in the intestinal lumen by 
polyglutamate hydrolyases prior to transport across the intestinal mucosa (Basu & 
Donaldson, 2003; Francis, 1999).  The polyglutamate form is converted to the 
monoglutamate form along with the reduction of the pteridine ring to the active 
tetrahydrofolate form (Shu, Yu, Zhao & Liu, 2005). 
 
Folates facilitate the transfer of a one-carbon unit from donor molecules into important 
biosynthetic pathways (Lucock, 2000).  Such reactions are essential for the synthesis of 
the purines, adenine and guanine as well as the pyrimidine thymine, which are 
fundamental constituents of the nucleic acids (Kim, 1999).  In addition, folate is directly 
involved in the metabolism of certain amino acids including the de novo biosynthesis of 
methionine, and the interconversion of serine and glycine (Ball, 1998). 
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2.2 The chemical structure of folates 
Folate designates all members of the family of heterocyclic compounds based on the 4-
[(pteridine-6-ylmethyl)-amino] benzoic acid skeleton, conjugated with one or more L-
glutamic acid units (Figure 2.1) (Vora, Riga, Dollimore & Alexander, 2002).  
Predominantly, folate compounds exist as polyglutamates with various forms of folate 
incorporating three types of molecular variations: 
 
1. The oxidation state of the pteridine ring: 
 
2. The presence of the one-carbon substituent on the nitrogen atoms at positions 5 or 
10 (Figure 2.1); and 
  
3. The linking of one or more glutamate residues at the point where the free carboxylic 
acid occurs in the pteroic acid structure. The initial glutamate unit is joined by a 
peptide bond with additional units being joined through the γ carboxyl groups 
(Lucock, 2000). 
 
FA, also known as pteroylglutamic acid, is the simplest form of folate.  It is composed 
of three moieties: a bicyclic 6-methylpterin ring, p-amino benzoic acid and a single 
molecule of L-glutamic acid, each of which has no vitamin activity when separated 
(Vora et al., 2002).  The chemical structure is shown in Figure 2.2.  
 
FA is the synthetic form of the vitamin that is used extensively for food fortification 
purposes as well as supplements and reportedly provides better bioavailability than 
folate from natural sources (Oakley, 1997; Wright, Finglas & Southon, 2001).  FA is 
tasteless, odourless and displays a yellow-orange crystalline appearance.  When 
reduced, FA is heat liable, easily oxidised and unstable in the presence of strong acids 
(Finglas, Wigertz, Vahteristo, Whitthoft, Southon & deFroidmont-Gortz, 1999)  
Commercially, FA is synthesised as a disodium salt or the free acid.  In the latter form, 
it is insoluble in cold water under conditions of neutral pH but is sparingly soluble in 
boiling water whilst the disodium salt displays high water solubility (Ball, 1998).  
Polyglutamyl folates exhibit greater ionic strength and dissociate more readily than the 
monoglutamyl forms in neutral to alkaline environments due to the free α-carboxyl 
groups situated on each glutamate residue (Gregory, 1989). 
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Fig. 2.1 The chemical structure characteristic of folate compounds 
 Notes 1 The nitrogen atoms shown with asterisks are designated as 5 and 10 and 
are the points where substituents are linked in some folate compounds 
  2 When two or more glutamate units are present these form a chain where n 
may include up to seven or even more glutamates 
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Fig. 2.2 The structure of pteroylglutamic acid 
 
2.3 The effects of folate deficiency 
Research over recent decades has shown that low or inadequate folate concentration 
may contribute to congenital malformations and development of chronic disorders 
including NTD, megaloblastic anemia and elevated levels of homocysteine (Jacobs, 
2003).  Pregnancy imposes stress in folate stores due to increased needs for growth of 
the fetus, the placenta, and maternal tissues.  Increased folate is also required for uterine 
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enlargement and expansion of blood volume, which necessitates increased red cell 
production (Suh, Herbig & Stover, 2001). 
 
Megaloblastic anaemia is a symptom of FA deficiency which results in a rapid red 
blood cell turnover and impaired cell division, particularly in the haemopoietic tissue of 
the bone marrow and the epithelial cells of the gastrointestinal tract (Francis, 1999).  In 
the bone marrow the erythroblasts fail to divide properly and enlarge causing circulating 
erythrocyte numbers to drop and become macrocytic (Ball, 1998; Lucock, 2000).  
Hypersegmentation of neutrophils is also characteristic of folate deficient erythroposesis 
(Neuhouser & Beresford, 2001; Suh et al., 2001).  As a result, the serum and erythrocyte 
folate concentrations fall below 3 and 160 ng/mL, respectively, both of which are 
critical levels during the early stages of pregnancy. 
 
The relationship between folate status and NTD has been well established with evidence 
from several studies demonstrating that inadequate consumption of FA in the 
periconceptional period reduces significantly the incidence of NTD (Boushey, Edmonds 
& Welshimer, 2001; Locksmith & Duff, 1998; Wright et al., 2001).  Folate deficiencies 
also extend from dementia and Alzheimer’s disease to congenital malformations 
including anencephaly and spina bifida (McIntosh & Henry, 2008). 
 
The most common NTD are anencephaly and spina bifida, both arising at approximately 
26 to 28 d of gestation, before women are aware that they have conceived (Neuhouser et 
al., 2001; O'Leary & Sheehy, 2001).  Anencephaly is characterised by congenital 
absence of the forebrain where affected children die within several weeks after birth 
whilst spina bifida is characterised by an opening in the spinal cord with a protruding 
sac that contains meninges, spinal cord, or nerve roots (Francis, 1999; Romano, 
Waitzman, Scheffler & Pi, 1995).  Both forms of defect result in permanent logical 
deficits, including paralysis and bladder dysfunction and experience lifelong disabilities 
that affect the survival, functional status and economic productivity of the child 
(Romano et al., 1995). 
 
Recently it has been suggested that FA may be more effective in reducing NTD 
incidence than conjugated food folate as it is more readily absorbed (Francis, 1999).  
Several reports also provide evidence that women with a history of multiple pregnancies 
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involving NTD and women who are carrying an affected child have lower erythrocyte 
folate levels than matched controls (Romano et al., 1995). 
 
Folate is required in the transfer of methyl groups in the amino acid methylation cycle, 
an essential step in the recycling of homocysteine back to methionine (Ball, 1998).  
Because nucleic acid and protein synthesis are at their peak during embryogenesis and 
rapid foetal growth, maternal folate requirements increase dramatically during this time 
(Locksmith et al., 1998).  A deficiency of tetrahydrofolate pools can lead to the 
impairment of various processes including homocysteine remethylation, methionine 
synthesis, cellular methylation and nucleotide synthesis (Gregory III & Quinlivan, 
2002).  In turn, high levels of homocysteine are produced, increasing the risk factors for 
occlusive vascular diseases including atherosclerosis, thrombosis and, in some 
instances, ischemic stroke (Francis, 1999).  A number of studies have documented that 
lower homocysteine levels does occur among individuals consuming higher levels of 
folate (Bailey, 2005; Boushey et al., 2001; Romano et al., 1995; Suh et al., 2001; 
Wright et al., 2001). 
 
It is well known that chronic alcoholism is associated with impaired folate status and 
that excess ethanol intakes are often associated with folate deficiency.  Ethanol related 
folate deficiency can develop due to dietary inadequacy, intestinal malabsorption, 
increased renal excretion, and possibly increased folate catabolism.  Diets incorporating 
the use of oral contraceptive agents have also been associated with low serum and red 
blood cell folate levels, particularly in women 20-44 yrs of age (Suh et al., 2001). 
 
2.4 Required levels of folate intake 
In the USA, the recommended intake for folate is referred to as the dietary reference 
intake (DRI) whereas the level of folate intake in Australia is recognised as the 
recommended dietary intake (RDI).  Although both terminologies imply the same 
meaning it should be noted the underlying basis for establishment of these specific 
recommendations vary.  As a result, the term dietary reference value is used to 
encompass both terms.  Table 2.1 displays the levels of folate intake based upon 
particular groups of individuals depending on age and gender.  Recent public health 
recommendations have focused on the folate needs of females recommending that all 
women of childbearing age who might become pregnant should consume 400 µg of 
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folate daily to reduce their risk of having a pregnancy affected by spina bifida or other 
NTD (Crane, Wilson, Cook, Lewis, Yetley & Rader, 1995; Prieto, Grande, Falcón & 
Gándara, 2006; Romano et al., 1995; Wright et al., 2001).  As a result, the published 
reference values for folate during pregnancy as well as lactation are considerably 
higher. 
 
Table 2.1 Dietary reference values of folate for selected countries 
(expressed as µg folate per day) 
 
Country Men Women Pregnancy Lactation 
USA 400 400 600 500 
NZ 400 400 600 500 
Australia 400 400 600 500 
   
Notes 1 Sources of data used were the National Health and Medical Research Council (NHMRC) 
(NHMRC, 2006) and the Institute of Medicine (IOM) (IOM, 2004) 
 2 These data are for adults and are the most recently published. In some cases they 
represent revisions of earlier published values  
 
2.5 Adequacy of folate intakes 
Recent studies on the dietary intake of folate have revealed that generally, the status of 
folate in countries including Congo, Finland, the USA and Australia often meet or 
exceed the recommended dietary reference value specified (Alfthan, Laurinen, Valsta, 
Pastinen & Aro, 2003; Dietrich, Brown & Block, 2005; Konings, Roomans, Dorant, 
Goldbohm, Saris & van den Brandt, 2001).  However, certain groups of the population 
within these countries and of various other countries do not meet the reference values, 
displaying inadequacies in consumption.  Examples include the Netherlands where 50% 
of the representative population sample did not meet current recommendations for folate 
intake (Konings et al., 2001), adolescent girls and women of childbearing age in Sri 
Lanka where 43% of subjects studied had low serum FA concentrations (Thoradeniya, 
Wickremasinghe, Ramanayake & Atukorala, 2006) and North American Indians in the 
Yukon (Wein, 1995) and South Africa where more than half of all subjects had intakes 
of less than 67% of the recommended dietary allowance (Kruger, Kruger, Worster, 
Jooste & Wolmarans, 2005).  The diversity of these groups highlights the need for 
enhanced intakes of folate. 
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2.6 Stability and factors influencing losses of folate vitamers 
It is generally recognized that folates are among the least stable of the vitamins 
(Gregory, 2008).  Naturally occurring folates in the reduced form are particularly heat-
labile and unstable (Table 2.2) although it appears that the most stable of the various 
folates at ambient and elevated temperatures is FA (Arcot & Shrestha, 2005; Ball, 1998; 
Small, 2003).  Whereas the stability of many vitamins has been investigated in a wide 
range of food systems, in contrast that of folates and FA has received less attention until 
quite recently. Recent studies of legume grains and breadmaking have confirmed the 
relative instability of folates during processing (Dang, Arcot & Shrestha, 2000; Osseyi, 
Wehling & Albrecht, 2001). Folate stability is greatly affected by food processing 
conditions but is enhanced in the presence of antioxidants (Madziva, Kailasapathy & 
Phillips, 2005).  Additionally, in the presence of natural or UV light, FA is quite 
unstable due to its photosensitivity (Akhtar, Khan & Ahmad, 2003). 
 
Although considered more stable than other folates, FA is also lost during processing of 
various foods including baked foods.  This may result in fortification with FA, as 
traditionally practised, having limited effectiveness.  It has been reported that losses 
may occur by leaching during blanching and boiling where elevated temperatures are 
encountered (Selman, 1994).  Commercial samples of Asian noodles were generally 
found to be low in folates (Bui & Small, 2007c) and substantial losses were observed 
during cooking of these products. Subsequently the same authors reported considerable 
losses in FA occurred when fortified flour was used to produce white salted, yellow 
alkaline and instant Asian noodles with losses of approximately 40% for each the styles 
of noodles (Bui & Small, 2007d).  On the basis of the reported instability of the folates 
and FA, one strategy that warrants further research is that of fortification although this 
may require consideration of ways in which the stability of the fortificant might be 
enhanced (Bui & Small, 2007d). 
 
Table 2.2 Factors influencing stability of folate 
 
Vitamin Neutral Acid Alkaline Oxygen Light Heat 
Folate U U U U U U 
   
Note 1 Based upon information from (Gregory, 2008) 
 U Unstable (significant destruction)  
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2.7 Folate fortification strategies 
Currently, three approaches exist for providing appropriate intakes of FA and other 
vitamins: consumption of fresh vegetables and legumes, fortifying staple foods, and 
increasing consumption of FA supplement (Locksmith et al., 1998).  The term 
fortification generally refers to the addition of micronutrients to restore the levels to 
those found prior to processing.  Fortification offers several advantages over 
supplementation and dietary modification as it is a reliable and effective way to attain 
health benefits by increasing the nutrient intake of a population without relying on 
individual supplementation practices (Hunt & Dwyer, 2001). 
 
In January 1998, the United States Food and Drug Administration (FDA) implemented 
a program to fortify flour and cereal products with FA at the level of 140 µg/100g of 
product (Daly et al., 1997; Neuhouser et al., 2001).  As stated by the FA Subcommittee 
of the Food Advisory Committee, the initial goal in seeking an appropriate dose of FA 
fortification, was to raise the usual daily intake of FA to 400 µg in at least 90% of the 
target group (women of child bearing age) and prevent excess folic intake in non-target 
groups (Cho, Johnson & Song, 2002; Neuhouser et al., 2001). 
 
In recent years, concerns have been raised regarding the level of folate fortification.  
Choumenkovitch et al., (Choumenkovitch, Selhub, Wilson, Rader, Rosenberg & 
Jacques, 2002) showed that actual measurements of the total folate content in enriched 
cereal grain products had exceeded the amounts required by regulations.  These findings 
were supported by Wald et al., (Wald, Law, Morris & Wald, 2001), who suggested that 
fortification was providing an additional 200 µg/d of FA.  Both studies suggested that 
overages beyond those consistent with Good Manufacturing Practices (GMP) would 
result in both an increased risk of excessive intakes beyond the tolerable upper intake 
level and higher plasma folate among older individuals (Rader, Weaver & Angyal, 
2000). 
 
Currently, practice in fortifying foods is to ensure that the amount of fortificant in the 
product as purchased is not less than the amount claimed on the label, and to ensure 
levels do not fall below such a minimum (Wright et al., 2001).  As a result 
manufacturers often incorporate overages of nutrients so that the product contains at 
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least the amount of the nutrient shown on the label throughout the shelf-life of the 
product (Rader et al., 2000).  However, it should be noted that the USA regulations 
provide for a single level of fortification for products including enriched bread, rolls and 
buns and enriched flour and for a range of levels for others including enriched farina, 
corn grits, corn meals, rice, macaroni and noodle products (Choumenkovitch et al., 
2002).  When a single level is specified, the regulation allows for ‘reasonable overages 
within the limits of current GMP’.  This provision allows manufacturers some flexibility 
in the amount of FA that is added and declared on the label of a product. 
  
To date, cereal grains have been the main candidate for fortification as these are 
consumed by most women of childbearing age and are already subject to standards of 
identity for nutrient enrichment (Romano et al., 1995).  Breakfast cereals in particular 
are the major and most frequent contributor to folate intakes as they provide 25% of the 
daily value of folate (i.e. 100 µg) per serving (Lewis, Crane, Wilson & Yetley, 1999). 
 
Various countries around the world including Canada, Mexico, Chile, and Hungary 
have followed the USA and staple foods are being fortifed with FA (Buttriss, 2005; 
Cornel, de Smit & de Jong-van den Berg, 2005; Pawlosky, Hertrampf, Flanagan & 
Thomas, 2003).  However, within each country the level of fortification varies.  The 
FDA issued regulations require fortification at a concentration of 1.4 mg/kg whilst in 
flour is fortified at 2.2 mg/kg in Chile (Oakley, Weber, Bell & Colditz, 2004).  In 
Canada fortification of white flour occurs at a level of 0.15 mg/100 g per flour.  Other 
countries including New Zealand and Australia currently have in place a system of 
voluntary fortification, which allows flour to be fortified at 2.85 mg/kg (Bower & 
Stanley, 2004; Chowdhury, Marriott & Small, 2003; Oakley et al., 2004).  In New 
Zealand, FA may be added to biscuits (with not more than 20% fat and 5% sugar), 
breakfast cereals, breads, flours, pasta, fruit juice and fruit drinks, vegetable juice and 
soya-based products, at levels of up to 50% of the RDI per serving (Bourn & Newton, 
2000). 
 
Most western European countries so far have decided not to mandate FA fortification 
with Hungary and Ireland being the only exceptions (Cornel et al., 2005).  Presently 
however, Europe lists FA as one of the nutrients that may be added to foods but only in 
the form of pteroylmonoglutamic acid.  The levels that can be added have yet to be 
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defined by the European Food Standards Authority (EFSA) as have the categories of 
food to which FA addition will be allowed (Buttriss, 2005). 
 
Recently there has been considerable international interest and controversy in the 
beneficial effects of FA fortification.  In all interventions, FA fortification was expected 
to increase the average daily folic intake of women of childbearing age by about 100 µg 
so to reduce the occurrence of NTD (Liu et al., 2004).  Even though food fortification 
has been associated with reduced NTD rates, the public health approach continues to be 
controversial because of a continuing concern that additional FA in the diets of 
population groups not originally targeted for fortification may have adverse effects 
(Bailey, Rampersaud & Kauwell, 2003). 
 
In USA and Nova Scotia, Canada, studies have shown that the prevalence of NTD has 
decreased by 27% and more than 50% respectively, since the introduction of mandatory 
folate fortification of cereal grains (Bailey et al., 2003; Lawrence, 2005).  In Australia, 
the effectiveness of FA fortification in improving FA status has also been shown with a 
dramatic increase in blood measurements of folate and a significant reduction (approx. 
15-50%) in the prevalence of NTD in Western Australia (Bower et al., 2004; Cornel et 
al., 2005).  Other studies indicate that the current fortification strategies benefit both the 
target and non-target groups providing no evidence of adverse effects, specifically the 
detection of abnormalities in vitamin B12 status based on biochemical and 
haematological indices (Liu et al., 2004; Mills et al., 2003). 
 
Despite these benefits, cautionary warnings about the level of fortification have also 
been raised regarding intakes in excess of requirements (Crane et al., 1995; Wright et 
al., 2001).  The primary concern about grain fortification with FA is that doses greater 
than 1 mg per day may mask the hematologic manifestation of unrecognised vitamin 
B12 (cobalamin) deficiency (Cornel et al., 2005; Hunt et al., 2001; Locksmith et al., 
1998; Neuhouser et al., 2001; Romano et al., 1995; Wright et al., 2001).  In the USA, 
new fortification standards for cereal grain products have increased folate intakes of the 
population, such that median folate intakes from all sources are now estimated to exceed 
400 µg per day (Hunt et al., 2001). 
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In a study conducted by Lewis et al., (Lewis et al., 1999) several high folate intakes 
were reported with groups consisting of children aged 1-3 yrs and 4-8 yrs (Lewis et al., 
1999).  The FDA also estimated that 20-30% of young children (ages 1-8 yrs) may 
exceed the upper level intake for FA, because of the frequent use of fortified breakfast 
cereals, fortified grain products, and dietary supplements (Wright et al., 2001).  Up to 
10-15% of the population over 60 yrs of age are also estimated to be vitamin B12 
deficient (Cornel et al., 2005).  As suggested by (Cornel et al., 2005), a possible 
alternative could be fortifying cereal grain products with FA and vitamin B12.  
Effectively, the problem of vitamin B12 deficiency and FA deficiency could be handled 
simultaneously. 
 
2.8 Summary of current knowledge 
In light of the important role of folates in all growth and development processes and 
particularly in reducing the incidence of NTD, there has been considerable interest in 
folate intakes in recent years.  There is evidence that even in developed countries, 
intakes among the broader population are often insufficient.  However there remains a 
divergence of views and concerns exist regarding the likelihood of excessive intakes 
and the problems this may cause.  Another significant issue is that there are many 
vitamer forms of folate and typically these are relatively unstable molecules, 
particularly during the processing of foods.  These issues with chemical stability during 
manufacture and the need to enhance intakes have led to strategies for fortification with 
FA in various countries. 
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Chapter 3 - Background and literature review:  food 
microencapsulation 
The purpose of this chapter is to introduce microencapsulation as a potential means of 
enhancing retention of FA used in fortification of foods. It provides background on 
techniques applied for microencapsulation in the food industry, encapsulants approved 
for use in foods as well as some of the recent developments in microencapsulation for 
food processing. 
 
3.1 Introduction 
Microencapsulation is defined as a technology of packaging solids, liquids, or gaseous 
materials in miniature, sealed capsules that can release their contents at controlled rates 
under specific conditions (Desai & Park, 2005).  The material that is coated or 
entrapped is commonly referred to as the core material or active component and is 
typically prepared in a concentrated aqueous solution of the secondary material.  The 
latter forms the coating and is referred to as the wall material, encapsulant, carrier, 
membrane, shell or coating (Augustin, Sanguansri, Margetts & Young, 2001; Sparks, 
1981).  The sizes of microcapsules generally range in diameter between 3 and 800 µm 
while the core may represent 10-90% of the total capsule weight. However, 
microcapsules that are outside these ranges can also be produced (Thies, 2001b). 
 
3.2 Purpose of microencapsulation 
The primary purpose of microencapsulation is to produce particles that control mass 
transport behaviour in some manner (Thies, 2001b). The coating of a microcapsule is 
designed to prevent diffusion of material either from within or from the exterior into a 
microcapsule (Thies, 2001b).  Microencapsulation provides several benefits for the food 
industry: 
• Enhances the overall quality of food products. For example, prolonging shelf-life 
stability so that the nutritional value or flavour of foods does not diminish 
significantly between the dates of production and consumption; 
 
• Reduces the evaporation or transfer of the core material to the outside environment 
and also provides a means of incorporating vitamins, minerals and oxygen-sensitive 
oils into palatable and shelf-stable food products (Desai et al., 2005); 
Chapter 3 
15 
 
• Effectively retains volatile components particularly flavours; 
 
• Isolates specific components from others present in the food during storage; 
 
• Masks the aroma, flavour, and colour of some ingredients, which can be important 
since flavour, aroma and visual appearance are the primary factors in a consumer’s 
decision to purchase or repurchase a particular product; and 
 
• Converts a liquid ingredient that is difficult to handle into a free-flowing powder 
that can be readily incorporated into foods. 
 
3.3 Architecture of microencapsulation 
Microencapsules can be divided into two primary categories.  One of these is single 
core encapsulation, whereby a sphere is surrounded by a wall or membrane of uniform 
thickness, illustrated in Figure 3.1a.  This form of microencapsulation is obtained using 
a variet of techniques including complex coacervation, liposome entrapment, film 
coating, perforated-pan film coating and fluidised bed coating (Thies, 2001b; Vilstrup, 
2001).  Alternatively, the second category is multiple core encapsulation in which a 
number of core particles are embedded in a continuous matrix of wall material (Figure 
3.1b) (Desai et al., 2005).  The resultant microcapsules typically display an irregular 
geometry and are the result of applying double emulsion, spraying technology or 
extrusion technology (Thies, 2001b; Vilstrup, 2001).  In the case of both categories of 
capsules, the capsule coating must be continuous and free of defects, in order to provide 
maximum protection and to function as intended. 
 
3.4 Food approved microencapsulants 
Coating materials can be selected from a wide variety of natural or synthetic polymers, 
depending on the active agent to be coated and the characteristics desired in the final 
microcapsules, with safety being the other primary consideration (Re, 1998).  A large 
number of materials are commercially available for use as encapsulating agents which 
may vary from country to country as a result of specific regulatory requirements.  A 
summary of the range of coating materials permitted for use in foods is shown in Table 
3.1. 
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Fig. 3.1 Schematic diagram of two representative types of microcapsules 
(Thies, 2001a) 
 
Notes A Single core microcapsule 
 
 B Multiple core microcapsules 
 
Each of the materials listed has characteristic properties that influence the applications 
for which they are used, in conjunction with the process utilised for microcapsule 
formation.  For instance, modified starches provide fat binding and emulsion stabilising 
properties (Soottitantawat, Bigeard, Yoshii, Furuta, Ohkawara & Linko, 2005a) whilst 
other hydrolyzed starches including corn syrup solids are used due to their aqueous 
solubility, low viscosity and ease of drying.  Gum Arabic (GA) alone has been shown to 
increase the retention of volatiles and shelf-life of microcapsules as it exhibits excellent 
solubility and surface active properties, producing low-viscosity solutions at high 
concentrations relative to other gums (Gibbs, Kermasha, Alli & Mulligan, 1999).  It also 
exhibits good colloid functionality and is stable over a wide pH range.  When used in 
conjunction with maltodextrin, the resultant microcapsules demonstrate better 
emulsification characteristics and oxidative stability (McNamee, O'Riordan & 
O'Sullivan, 2001; Rosenberg, Kopelman & Talmon, 1990).  However when 
maltodextrin is used alone its viscosity is lower than GA and the lack of lipophilic 
groups results in poorer emulsification properties (Gibbs et al., 1999).  Gelatin also 
provides good emulsification properties, film formation, water-solubility, edibility and 
biodegradation and has successfully been used in the microencapsulation of β-carotene 
in combination with sucrose (Zhu, Xu & Wang, 1998). 
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3.5 Microencapsulation methods employed in industry 
The selection of a particular microencapsulation process is governed by the physical and 
chemical properties of core and coating materials and the intended application of the 
food ingredients (Desai et al., 2005).  Among the encapsulation techniques available are 
spray drying, spray chilling or spray cooling, extrusion coating, fluidised bed coating, 
liposome entrapment, coacervation, inclusion complexation, centrifugal extrusion and 
rotational suspension separation (Gibbs et al., 1999; Pothakamury & Barbosa-Canovas, 
1995).  Of these, spray drying and fluidised bed coating will be discussed in greater 
detail as they are most commonly used. 
 
3.5.1 Spray drying 
Spray drying is the transformation of a feed material from a fluid state (solution, 
dispersion or paste) into a dried particulate form by spraying the feed into a hot drying 
Table 3.1 Types of materials commonly used as microencapsulants 
 
Material class Examples of materials 
Cellulose materials acetylcellulose, carboxymethyl cellulose, cellulose acetate 
butylate phthalate, cellulose acetate phathlate, ethyl 
cellulose, methyl cellulose, nitrocellulose 
Fat and waxes acetoglycerides, beeswax, diglycerides, hydrogenated 
vegetable oils, natural fats and oils, fractionated fats, 
hardened fats, lecithin, liposomes, monoglycerides, paraffin, 
stearic acid, tristearic acid, waxes 
Gums agar, alginates, carrageenans, GA, pectins 
Inorganic materials calcium sulfate, clays, silicates 
Other carbohydrates chitosan, corn syrup solids, cyclodextrin, dextrins, dried 
glucose syrup, maltodextrins, modified starches, starches 
Proteins albumin, caseinates, gelatin, gluten, peptides, soy protein, 
vegetable proteins, whey proteins 
Simple sugars fructose, galactose, glucose, maltose, sucrose 
   
Note 1 Source of data used was (Desai et al., 2005) 
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medium (Re, 1998).  As the most widely used microencapsulation technique in the food 
industry, typical applications include the preparation of dry, stable food additives, 
flavours as well as vitamins and minerals.  As well as being economical, it can be used 
with many different encapsulating agents and utilises common processing equipment 
(Desai et al., 2005). 
 
The primary stage of any spray drying process commences with the preparation of a 
solution of the solid matrix in which the active material is incorporated (Re, 1998).  
Once a stable feed liquid is formed, this is then pumped through a spray nozzle atomiser 
or onto a rotating disk atomiser co-currently with heated air.  The inlet temperature is as 
high as possible without causing damage to the ingredients being encapsulated and is 
typically between 160-210 °C (Vilstrup, 2001).  The mixture of core and wall materials 
is then transformed into small droplets by the atomiser as the hot air flowing in the same 
direction contacts the atomised particles and evaporates the water.  The atomisation 
stage creates a spray for optimal evaporation leading to a dried product of required 
characteristics.  With rotary atomisers, centrifugal energy is harnessed, whilst pressure, 
kinetic or sonic energy is utilised with nozzle atomisation (Vilstrup, 2001).  At this step, 
the structure of the resulting powder particles becomes fixed and the dried particles fall 
through the gaseous medium to the bottom of the dryer and are collected (Re, 1998).  A 
schematic diagram of a spray-dry encapsulation process is presented in Figure 3.2. 
 
Most spray-drying processes in the food industry are carried out from aqueous feed 
formulations and as a result the shell material must be sufficiently soluble in water 
(Desai et al., 2005).  The most commonly used shell materials include gum acacia, 
maltodextrin and hydrophobically modified starches.  Other polymers including 
alginate, carboxymethylcellulose, guar gum (GG) and proteins can be used as wall 
materials in spray drying, but their usage is considered tedious and expensive due to 
their low solubilities in water (Gouin, 2004).  As a result, the amount of water in the 
feed to be evaporated is much larger, and the amount of the active ingredient in the feed 
must be reduced accordingly (Desai et al., 2005).  The presence of core material on the 
surface of microcapsules is another possible disadvantage of this technique. 
 
Other wall materials including rice and wheat starch have also been successfully applied 
when spray dried with small amounts of bonding agents including proteins or a wide 
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range of hydrophilic polysaccharides (Zhao & Whistler, 1994).  For example, sodium 
alginate (ALG) has been used as a binding agent when added at 0.1 to 1.0% (Zhao et al., 
1994).  This type of binding agent is unique in that it provides a secondary function by 
effectively coating microcapsules after spray drying.  In order to provide improved 
retainment, filled spheres have been coated using a fluidised-bed coater so that they 
contain much higher resistance to breakage under dry conditions or when stirred in 
water.  Materials including the calcium salts of alginate or low methoxyl pectin (LMP) 
have been used for this purpose as they bind to the alginate or pectin agents within the 
microcapsule walls producing strong, tight and insoluble coatings (Zhao et al., 1994). 
Fig. 3.2 Schematic diagram of a spray-dry encapsulation process 
(Thies, 2001b) 
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3.5.2 Fluidised-bed coating 
Originally developed as a pharmaceutical technique, fluidised-bed coating is now 
increasingly being applied in the food industry (Gouin, 2004).  In fluidised-bed coating, 
solids or powdered particles of core materials are suspended in a temperature and 
humidity-controlled chamber of high-velocity air where the coating material is atomised 
(Augustin et al., 2001; Gibbs et al., 1999). 
 
Unlike spray drying where the wall materials used are usually water soluble, fluidised-
bed coating can be used with a greater variety of wall materials.  Cellulose derivatives, 
dextrins, emulsifiers, lipids, protein derivatives, and starch derivatives are examples of 
typical coating systems, which may be used in molten state or dissolved in evaporable 
solvent, aqueous latex dispersions, organic solvent solutions or aqueous solutions 
(Desai et al., 2005).  Sequential deposition can be used to cover defects from single 
applications and will in turn yield relatively defect-free coatings (Vilstrup, 2001). 
 
This coating process is limited to the microencapsulation of particles with diameters 
greater than approximately 100 µm, as particles less than 100 µm either tend to clump 
or form agglomerates or is carried away in the exhaust air.  The method is also not 
suitable for oil or fat based products (Augustin et al., 2001). 
 
Alternative araangements exist, (Figure 3.3) and these include: top-spray, bottom-spray 
as well as tangential spray (Desai et al., 2005; Vilstrup, 2001).  The bottom-spray 
method known as the Wurster system (Figure 3.3a) and the tangential spray are 
commonly used to coat materials as small as 100 µm, however in these methods the 
particles are recycled through the coating zone at a faster rate and the fluidisation 
pattern is much more controlled than the top-spray method (Desai et al., 2005; Vilstrup, 
2001). 
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3.6 Controlled release mechanisms of encapsulated ingredients 
The mechanisms required for the release of the core material involve one or a 
combination of stimuli (Pothakamury et al., 1995), which are summarised in Table 3.2.  
In order to provide a desired controlled release, the diffusion barrier properties of the 
capsule coating should be determined.  A number of factors affect release and these 
include the nature of the coating and the core material, capsule size, capsule storage, the 
application as well as capsule structure (Thies, 2001a). 
 
Typically, as the proportion of the core material of a microcapsule increases at constant 
capsule size the effective coating thickness decreases.  Furthermore, decreased capsule 
coating thickness results in a decrease in the ability of the capsule coating to act as a 
barrier to diffusion, unless capsule coating is a perfect diffusion barrier at all coating 
thicknesses (Thies, 2001a). Currently, no shell materials used in the food industry meet 
Fig. 3.3 Fluid-bed coating processes (Frey & Hall, 2001) 
 
Notes A bottom spray 
 
 B top spray 
Fig. 3.3 Fluid-bed coating processes (Frey & Hall, 2001) 
 
Notes A bottom spray 
 
 B top spray 
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this requirement resulting in the use of several materials in combination to achieve the 
degree of controlled release required (Heger, 2001). 
 
Table 3.2 Mechanisms of release from controlled release delivery systems 
 
Diffusion controlled Membrane controlled 
Pressure activated Tearing peeling 
pH sensitive Temperature sensitive 
Solvent activated Osmotically controlled 
 
Note 1 Sources of data used were (Pothakamury et al., 1995; Re, 1998; Thies, 2001a) 
 
 
3.6.1 Diffusion 
Diffusion is controlled by the solubility of a compound in the matrix and the 
permeability of the matrix to the compound (Madene, Jacquot, Scher & Desobry, 2006).  
Typically, the food component must be soluble in the matrix otherwise diffusion will 
not take place regardless of the pore size of the matrix (Madene et al., 2006).  Typically, 
the release rate for diffusion follows zero-order release (constant release rate) where the 
core is a pure material (Pothakamury et al., 1995; Re, 1998).  Chemical structure, 
thickness, pores size and surface integrity also play a determinant role in the core 
diffusion rate (Re, 1998). 
 
Another important parameter with which the rate of release can be changed is the degree 
of cross-linking of the microcapsule coating or matrix material (Heger, 2001).  Studies 
have shown that the greater the degree of cross-linking, the lower is the rate of diffusion 
through the matrix (Gibbs et al., 1999; Heger, 2001). 
 
3.6.2 Solvent activated release 
In a system controlled by solvent release, the active ingredient is released when the food 
material comes in contact with a solvent, resulting in the swelling of the microcapsule 
(Pothakamury et al., 1995).  When the matrix polymer is placed in a thermodynamically 
compatible medium, the polymer swells because of the absorption of fluid from the 
medium (Madene et al., 2006).  The degree of swelling is controlled by water 
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absorption or the presence of glycerine or propylene glycerol whereby a higher water 
activity results in a faster rate of release (Gibbs et al., 1999).  Solvent release and 
diffusion are the mechanisms of release most commonly associated with spray dried 
microcapsules, which are based upon the solubilisation of the capsules wall followed by 
subsequent release of the core material (Gibbs et al., 1999). 
 
3.6.3 Pressure activated release 
In this system, the active ingredient is released when pressure is applied on the walls of 
the microcapsules (Pothakamury et al., 1995).  In the food industry, encapsulation 
techniques associated with pressure release have been used in chewing gum 
manufacture, where shear force and pressure from mastication releases the contents of 
capsules (Pothakamury et al., 1995) 
 
3.6.4 pH sensitive release 
Changes at a specific pH can also contribute to the controlled release of the active 
ingredient (Pothakamury et al., 1995).  The microcapsule coating or matrix contains 
chemical bonds that can be cleaved according to the pH value of the surrounding 
medium.  When this pH is reached the microcapsules are degraded causing release of 
the encapsulated substance (Heger, 2001; Pothakamury et al., 1995).  An example of 
this method of release has been the release of enzymes from within stabilised liposomes 
(Gibbs et al., 1999). 
 
3.6.5 Temperature sensitive release 
This mechanism of release involves the melting of the capsule wall to release the active 
material (Madene et al., 2006; Pothakamury et al., 1995).  The membrane on the wall or 
the wall itself is made of lipids or waxes, which are physically altered by melting. 
Microcapsules made of hardened fats are insoluble in water and can release the contents 
when subjected to shear or increased temperature (Gibbs et al., 1999).  Various 
materials that are approved for food use can be melted including lipids, modified lipids 
and waxes (Madene et al., 2006). 
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3.6.6 Osmotically controlled release 
In an osmotic system, the active ingredient is released by utilising osmotic pressure as 
the driving force (Gibbs et al., 1999).  If the encapsulated core material has a high 
affinity for water, the internal pressure will be large, due to the slow build up of osmotic 
pressure.  As result, the core material will be released when the osmotic pressure 
exceeds the maximum force tolerated by the walls of the microcapsule (Gibbs et al., 
1999).  For instance, a food ingredient which is primarily encapsulated in a hydrophilic 
carrier may then receive a secondary coating with a lipophilic matrix.  As the primary 
carrier is placed in an aqueous environment, the uptake of water will gradually occur 
despite the lipophilic coating.  The particle will continue to expand and swell until the 
surface coating is ruptured, leading to an increase in the permeability of the surface 
coating and increase release rates. 
 
3.7 Recent research and the development of microencapsulation 
Several research groups have demonstrated the use of microencapsulation technologies 
for a variety of core materials (Barbosa, Borsarelli & Mercadante, 2005; Bruschi, 
Cardoso, Lucchesi & Gremiao, 2003; Hogan, McNamee, O'Riordan & O'Sullivan, 
2001; Krishnan, Bhosale & Singhal, 2005a; Krishnan, Kshirsagar & Singhal, 2005b; 
McNamee et al., 2001; Rosenberg et al., 1990; Shu et al., 2005; Soottitantawat et al., 
2005a; Soottitantawat et al., 2005b; Trindade & Grosso, 2000; Uddin, Hawlader & Zhu, 
2001; Watanabe, Fang, Minemoto, Adachi & Matsuno, 2002; Yoshii et al., 2001).  
Although many have reported the applications for flavours and colourings, fewer 
articles have been published regarding with various vitamins, and virtually none 
specifically relate to FA.  One study by Madziva et al., (Madziva et al., 2005) reported 
the microencapsulation of FA using ALG and combinations of ALG and pectin 
polymers.  In this work, the mixture was pumped through an encapsulation nozzle with 
a continuous flow of nitrogen into a gently agitated aqueous solution of CaCl2 where 
discrete FA laden microcapsules were formed upon contact with CaCl2 solution.  The 
use of ALG in combination with pectin was reported to provide improved stability of 
FA as indicated after 11 wks of storage at 4 °C and the retention in freeze-dried 
capsules was found to be 100% (Madziva et al., 2005).  The blended ALG and pectin 
polymer matrix increased FA encapsulation efficiency and reduced leakage from the 
capsules compared to those made with alginate alone. 
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In another study conducted by the same group of scientists, alginate and pectin capsules 
containing FA were tested for their stability in a milk system over a 4 h period.  Three 
stages of cheddar cheese manufacturing were studied for capsule distribution with 
encapsulated FA showing greater stability than free FA in cheddar cheese during a 3 
month ripening period (Madziva, Kailasapathy & Phillips, 2006). 
 
3.8 Summary and conclusion 
Whilst pharmaceutical applications of encapsulation have been developed over a long 
period, food applications have only been studied in recent years.  A variety of 
techniques are being investigated, particularly spray drying, and there are a wide range 
of potential binding agents suitable for use in microencapsulated preparations for food 
use.  Relatively little published data specifically addresses the challenges of enhancing 
the stability of water-soluble vitamins.  In addition, there have been only a limited 
number of reports on the application of microencapsulated ingredients in the processing 
of cereal grain foods. 
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Chapter 4 - Background and literature review:  the 
processing of Asian noodles and their global significance as a 
food source 
The purpose of this chapter is to provide background and review current knowledge on 
the utilisation of wheat flour for manufacture of Asian noodles. The areas reviewed 
encompass a brief comparison of durum pasta products and Asian noodles, the 
significance of Asian noodles in Australia and internationally, ingredients and 
processing methods as well as the different styles of Asian noodles. 
 
4.1 Introduction to wheat 
Wheat is a member of the grass family (Gramineae) and is the most widely cultivated 
cereal grain as it is grown in more than 120 countries (Collado & Corke, 2004).  
Commonly used in the production of bread, wheat is the primary ingredient of a variety 
of other food products including cakes, crackers as well as pasta and noodles (Lee, Cho, 
Lee, Koh, Park & Kim, 2002).  Two main species of wheat, which represent the 
majority of international production and trade are common (bread) wheat (Triticum 
aestivum L.) and durum wheats (T durum) (Beta & Corke, 2001; Collado et al., 2004; 
Cornell & Hoveling, 1998).  The genetic make-up of the former is hexaploid and the 
species occupies 90% of the world wheat cultivation area (Beta et al., 2001; Collado et 
al., 2004) whilst durum wheat is tetraploid and comprises a relatively small proportion 
of wheat grown (Kill, 2001).  Durum is noted for its extreme hardness and is used 
primarily for making pasta and couscous.  The Australian Bureau of Statistics (ABS) 
reports that durum production accounts for less than 3% of the total Australian wheat 
crop (ABS, 2008). 
 
4.2 Australian wheat classification and utilisation 
Australian wheat is classified into several major classes based on variety, general 
cleanliness and soundness, and protein content (Martin & Stewart, 1994) and the major 
classes are shown in Table 4.1.  Australia, unlike other major wheat exporters, produces 
exclusively white grain wheats, which are particularly well suited for processing of 
Asian noodles, particularly Hokkien, fresh, udon and instant noodles (Martin et al., 
1994; Oda, Yasuda, Okazaki, Yamauchi & Yokoyama, 1980). 
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While Australia produces approximately 3% of world wheat output, it exports to more 
than 40 countries with total wheat exports typically representing around 15% of the 
world wheat trade annually (ABS, 2008).  Australia's main wheat export markets as 
summarised in Table 4.2, are concentrated in Asia and the Middle East with Indonesia, 
India and Japan leading the importers over the past three yrs. 
 
Table 4.1 Major Australian wheat classes and their typical end-uses 
 
Class Typical protein 
content (%) 
End uses 
Australian Prime 
hard 
12-15 To produce flours for Chinese-style noodles 
and high volume breads. 
Australian Hard 11-14 To produce wide range of breads including 
Middle Eastern style flat breads and 
European volume or loaf breads. 
Australian Premium 
White 
10-12 Milled to flour suitable for Middle Eastern 
flat breads and Asian foods including 
noodles and spring rolls. 
Australian Standard 
White 
9-11.5 Suitable for wide variety of flour products 
able to produce loaf and flat breads, steam 
bread and noodles 
Australian Soft Max. protein 
content 
9.5 
Flours for biscuits, cakes, pastries, steamed 
buns and snack foods. 
Australian Durum 13 To produce semolina for a wide range of 
pasta products (for example: spaghetti, 
macaroni and fettuccine). 
Australian Noodle 9.5 To produce Japanese Udon and Korean dry 
noodles 
 
Note 1 Source of data used was (Martin et al., 1994) 
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Table 4.2 Major destinations for Australian wheat exports (2006-2007) 
 
Destination Tonnes  
Egypt 251,000  
Japan 1,114,000  
Korea, Republic of (South) 989,000  
Iraq 362,000  
China 183,000  
Indonesia 2,574,000  
India 1,593,000  
  
Note 1 Source of data used was Australian Bureau of Agricultural 
and Resources Economics (ABARE) (ABARE, 2008) 
 
 
4.3 Pasta production from wheat - A comparison with Asian noodles 
In order to effectively discuss the utilisation of wheat for processing of Asian noodles it 
is important to briefly discuss pasta products as these two groups of products appear to 
be similar.  The main differences are summarised in Table 4.3.  The term ‘pasta’ is 
generally used to describe products fitting the Italian style of extruded foods including 
spaghetti and lasagne (Sissons, 2004).  Pasta is made from granular semolina milled 
from durum wheat, however, flours from other cereals including oat, barley, millet, rye, 
maise, rice, sorghum, hulled wheat, buckwheat, amaranth may be used (Sissons, 2004).  
The use of durum wheat instead of common wheat is seen as one of the main 
differences when compared to Asian noodles.  Key features of durum wheat include its 
hardness, intense yellow colour and nutty taste.  The Mediterranean region is the 
world’s largest producer of durum wheat (55-60% of world production) which is 
adapted to regions including southern Europe, the Middle East, USA and Canada 
(Miskelly, 1993). 
 
In pasta manufacture, semolina and water in a proportion of 18-25% of the dry raw 
materials is added at 35-40 °C to achieve a freshly formed dough containing an average 
of 30-32% moisture (Sissons, 2004).  The dough is then extruded through a die, which 
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determines the shape of the finished product.  Vacuum and high pressures are applied as 
the dough passes to minimise oxidation of pigments, reduce enzymatic and oxidative 
decomposition reactions (Sissons, 2004).  Rectangular dies are used for long goods 
whilst circular dies are used for short goods (macaroni and shells).  In comparison to 
noodle production, the process of extrusion is also recognised as another distinguishing 
feature as Asian noodles are typically rolled and sheeted. 
 
After extrusion the pasta is immediately subject to a blast of hot air to minimise strands 
sticking together.  The drying step is considered critical in maintaining a high quality 
product.  Drying carried out at high temperatures as compared to low temperatures 
creates a permanent protein network around the starch granules, enhancing the strength 
and integrity of the pasta, improving pasta colour and firmness, lowering cooking loss 
and reducing stickiness (Anese, Nicoli, Massini & Lerici, 1999; Güler, Köksel & Ng, 
2002; Lamacchia et al., 2007; Sissons, 2004).  Insufficient drying can result in microbial 
spoilage, while drying too quickly and at extreme temperatures causes nonenzymatic 
browning and facture lines in the surface caused by a large moisture difference between 
the inside and outside of the pasta (Miskelly, 1993; Sissons, 2004).  Commercially, 
drying temperatures range from 75 to 100 °C for 2-3 h (Acquistucci, 2000). 
 
Cooking quality and appearance (colour) are the two most important factors in assessing 
pasta quality (Güler, Köksel & Ng, 2002).  Pasta colour is an essential factor that is 
governed by three components: a desirable yellow component, an undesirable brown 
component and, under some drying conditions, a red component (Cuq, Gonçalves, Mas, 
Vareille & Abecassis, 2003).  The main pigments in durum wheat responsible for the 
yellow colour are xanthophylls and lutein (Miskelly, 1993).  As well as these, the 
carotenoid pigments and the activity of lipoxygenase in the semolina have also been 
shown to contribute to the yellowness of pasta (Acquistucci, 2000; Feillet, Autran & 
Icard-Verniére, 2000).  In essence, a bright yellow colour in semolina ensures a good 
colour in the pasta that is preferred by the consumers.  The formation of brown 
‘melanoidin’ pigments has been associated with Maillard reactions, specifically, the 
reducing-sugar content of pasta and the drying parameters.  Additionally, inherent 
brownness of semolina can cause undesirable browning due to the presence of a water-
soluble copper protein and/or to enzymatic oxidation (Feillet et al., 2000).  Under 
certain conditions, a red component may also result due to maillard, or carbonyl-amino, 
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reactions between proteins and sugars (Feillet et al., 2000).  In a particular study, pasta 
browning and increased levels of the red component were shown to be readily promoted 
by drying cycles including high temperature with low moisture content.  This was 
considered undesirable as it masked the yellow colour when substantial values were 
reached (Feillet et al., 2000). 
 
Cooking quality of pasta is the characteristic of greatest importance to consumers and, 
therefore, also for durum wheat producers, breeders and processors (Güler et al., 2002).  
Cooking quality is described by various characteristics including cooking time (starch 
gelatinisation, time required for optimum textural properties), water uptake 
characteristics, textural properties and surface characteristics (Cuq et al., 2003; Güler et 
al., 2002).  Cooked pasta should be clean and yellow in colour, firm to the bite, maintain 
its firmness on cooking and be free from surface stickiness (Sissons, 2004). 
 
Semolina having low gluten content and dried at high temperatures are superior in 
quality to those dried at low temperatures (Güler et al., 2002).  Furthermore, strong 
gluten wheats exhibit less sticky dough with better extrusion properties and superior 
cooked textural characteristics (Feillet et al., 2000).  Typically, popular fresh pastas 
require a more extensible dough and weaker gluten to improve sheeting properties.  
Although pasta and noodle products might look alike they differ widely in the raw 
ingredients used as well as in the processing steps applied (Table 4.3). 
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Table 4.3 Comparison of the ingredients and methods used during 
processing of durum pasta and Asian noodles 
 
 Pasta products Asian noodles 
Type of wheat utilised durum wheat common wheat 
Desired grain harness very hard medium 
Species of wheat T durum T aestivum 
Ploidy of wheat 4N 6N 
Primary raw ingredient of 
dough 
semolina flour 
Granularity of primary 
ingredient 
relatively coarse very fine desirable 
Other ingredients egg (optional) common salt and/or 
alkaline salts (many 
other optional 
ingredients) 
Preferred colour of product yellow depends on style: 
consumer preferences 
range from white to 
yellow 
Dough preparation mixing of a crumbly 
dough 
mixing of a crumbly 
dough 
Basic process applied to dough extrusion repeated sheeting, then 
resting followed by 
further sheeting and 
cutting into strands 
using cutting rolls 
Typical shapes of product various including strands 
(spaghetti, fettuccini), 
macaroni, shells, bows 
and sheets (lasagne) 
commonly strands: 
cross sections typically 
square or rectangular 
Typical cooking times typically ten minutes or 
longer 
varies between 2 and 10 
minutes for different 
styles 
 
Note 1 Information based on source (Kill, 2001; Small, 2003) 
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4.4 Importance of noodles internationally 
Throughout Asia, wheat is an important commodity as the raw ingredient for many 
different types of noodles, which are a staple food of the region (Cato, Halmos & Small, 
2006b).  Noodles are particularly important in the diets of many countries of eastern and 
south eastern Asia.  Internationally, over 12% of global wheat production is utilised for 
noodle manufacture, with approximately 40% of wheat products in Asian countries are 
consumed in the form of noodles (Cato, Halmos & Small, 2006a; Cato et al., 2006b; 
Wang, Kovacs, Fowler & Holley, 2004).  The consumption of noodles, particularly 
instant noodles has been expanding in rapidly during recent decades (Bui & Small, 
2007a).  In Australian, approximately one third of bread wheat exports are used for 
noodle production (Asenstorfer, Wang & Mares, 2006; Batey, Curtin & Moore, 1997; 
Cato et al., 2006a; Cato et al., 2006b; Wang et al., 2004).  A variety of Asian noodles 
exist worldwide and within countries, as shown in Table 4.4 and are a result of 
differences, which include climate as well as cultural and regional preferences amongst 
others (Hou & Kruk, 1998). 
 
Table 4.4 Major types of Asian noodles consumed worldwide 
 
Region Type 
China/Hong Kong Instant fried, Chinese raw, dried, hand-made 
Indonesia Instant fried, Chinese wet 
Japan Udon, soba, so-men, hiya-mughi, hira-men 
Thailand Bamee, dried, instant fried 
Philippines Instant fried or dried, Chinese raw, udon 
Korea Instant fried, dried, udon, soba 
Malaysia Hokkien, instant fried, Cantonese (alkaline raw), dried 
Singapore Hokkien, instant fried, Cantonese 
Europe, Africa Instant fried 
North America Instant fried or dried, Chinese raw, udon, soba 
 
Note 1 Information based on source (Martin et al., 1994) 
 
Chapter 4 
33 
 
4.5 Classification of noodles 
Asian noodles differ widely in the raw ingredients used, mode of preparation, width of 
the strands, types of noodle, colour and texture (Inglett, Peterson, Carriere & Maneepun, 
2005). As a result, Asian noodles can be classified on the basis of the major ingredients 
as well as the manufacturing method (Miskelly, 1993).  Essentially, Asian noodles are 
produced from wheat flour, water and varying amounts of salt or alkaline salts 
particularly potassium and sodium carbonate.  Three main styles of Asian noodles are 
currently recognised which are referred to as white salted, yellow alkaline and instant 
noodles.  The characteristics of each style are briefly described as follows; however 
greater emphasis has been given to instant noodles as these are the focus of this thesis. 
 
4.6 White salted noodles 
White salted noodles (WSN) are one of the many primary types of Asian noodles (Cato 
et al., 2006b).  The quality of WSN has various aspects: appearance, eating quality, taste 
and cooking properties.  Although preferences vary, generally softness, tenderness and 
some feeling of elasticity are desirable (Cato et al., 2006a; Cato et al., 2006b).  In 
addition, WSN should be bright, creamy-white with a uniform white appearance 
(Crosbie & Ross, 2004).  Two popular form of WSN that have received considerable 
attention are the Japanese udon noodle, which is a softer and more elastic product than 
WSN from other parts of Asia (Cato et al., 2006a) and the buckwheat noodle, produced 
from a combination of buckwheat flour and wheat flour with a light brown or grey 
colour (Nagao, 1996).  These examples of WSN are depicted in Figure 4.1. 
 
The quality of flour used in the production of WSN has been studied with respect to 
structural and textural characteristic (Batey, Gras & Curtin, 1997; Crosbie, Lambe, 
Tsutsui & Gilmour, 1992; Hatcher, Anderson, Desjardins, Edwards & Dexter, 2002; 
Nagamine, Ikeda, Yanagisawa, Yanaka & Ishikawa, 2003; Wang et al., 2004).  
Recently, the effect of various enzymes including lipoxgenase and α-amylase on the 
quality of WSN have also been explored (Cato et al., 2006a; Cato et al., 2006b).  WSN 
are made from a mixture of 100 parts flour, 32-35 parts water and 2-3 parts salt with the 
amount of salt added based on the type of noodle (boiled or dried), climate and 
consumer requirements (Crosbie et al., 2004).  The type of flour used is predominantly 
from relative soft wheat of low to medium protein level (8-10%) with a low flour ash 
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content (0.36-0.40%), low levels of damaged starch (Noda, Tohnooka, Taya & Suda, 
2001) and a good colour grade. 
 
4.7 Yellow alkaline noodles 
Yellow alkaline noodles (YAN) represents more than 40% of all noodles manufactured 
in Japan, exceeding the levels of other noodle types including udon, soba, and durum 
wheat products (Crosbie, Ross, Moro & Chiu, 1999).  YAN are light yellow to yellow 
in colour, smooth but firmer than WSN, with elastic bite greater than that of WSN 
(Moss, 1980). The greater firmness and elasticity of YAN is due to the use of flours 
having higher protein content and gluten strength than flours used for producing WSN 
(Huang, 1996b; Nagao, 1995).  The main characteristic which differentiates YAN from 
WSN is the noodle colour, which is a result of the use of alkaline salts known as kansui 
or lye water (Crosbie et al., 2004; Kubomura, 1998).  Usually a mixture of sodium and 
potassium carbonates or sodium hydroxide, the alkaline salts cause a shift in dough 
from around pH 4-6 to 9-11.5 (Bui & Small, 2007c), conferring a unique flavour and 
texture to the noodles (Hatcher, 2001).  At these higher pH values, the endogenous and 
normally colourless flavenoid compounds undergo a chromophoric shift by detaching 
the flavones from starch and allowing their natural colour to manifest (Hatcher, 2001). 
 
The principal factors governing the eating quality of YAN are protein content, dough 
strength, and starch paste viscosity (Crosbie et al., 2004).  Several researchers have 
studied the effects of starch pasting properties and protein quality (Akashi, Takahashi & 
Endo, 1999; Bhattacharya & Corke, 1996; Crosbie et al., 1999) as well as the quality of 
wheat flour (Chakraborty, Hareland, Manthey & Berglund, 2003; Miskelly & Moss, 
1985; Zhao & Seib, 2005) and the effect of various alkaline conditions on the 
rheological properties of wheat flour dough with respect to YAN (Moss, Miskelly & 
Moss, 1986; Shiau & Yeh, 2001).  Different forms of yellow alkaline style noodles exist 
including: fresh noodles referred to as Cantonese noodles, wet or boiled noodles known 
as Hokkien style and instant noodles which can either be steamed and dried or steamed 
and fried noodles.  Some of the more common forms of yellow noodles are presented in 
Figure 4.2. 
 
Chapter 4 
35 
 
 
 
 
 
Somen Udon Buckwheat 
Fig. 4.1 Some common forms of WSN 
(Durack, 1998) 
 
 
   
Shanghai Hokkien E-fu 
 
 
 
 
 
 Ramen  Fresh  
Fig. 4.2 Some common forms of YAN 
(Durack, 1998) 
 
Chapter 4 
36 
 
4.8 Instant noodles 
Instant noodles are the fastest growing sector of the noodle industry and play a key role 
in supplying the nutritional requirements of consumers in many Asian countries 
(Hatcher, 2001).  Classified as instant fried noodles in Korea and as instant Chinese-
type noodles in Japan, these were first developed in Japan in 1958 (Hakoda, Sakaida, 
Suzuki & Yasui, 2006; Nagao, 1995) before introduction to Korea in 1963.  Referred to 
as either ramen, in Japan or ramyon, in Korea (Shin & Him, 2003), they are typically 
prepared with a lower amount of alkaline salt, 0.2% on a flour basis, which can be used 
in equal portions of potassium and sodium carbonate or at a ratio of 60:40 (Hatcher, 
2001).  As wheat flour is one of the main ingredients of instant ramen, its quality 
appears to be critical for noodle production (Shin et al., 2003).  The protein content of 
wheat flour plays a major role in determining the textural and quality properties of 
instant noodles (Chung & Kim, 1991; Park & Baik, 2004a; Yahata et al., 2006).  Wheat 
flour milled from soft wheat with moderate to low protein content is desirable because it 
facilitates rapid cooking upon addition of hot water (Crosbie et al., 2004).  In contrast, 
noodles made from high protein wheat flour absorb less oil than those made from low 
protein flour (Wu, Aluko & Corke, 2006a). 
 
In addition to high protein content, the strength of the protein is associated with a firmer 
and more elastic but less smooth noodles (Noda et al., 2006).  Flour protein 
requirements vary with the type and quality of the instant noodle produced ranging from 
7-9.5% for typical high-quality noodles to 11.5-12% for cup noodles (Kim, 1996).  
Protein quality has also been shown to affect oil absorption whereby wheat flours with 
high protein content or low proportions of salt-soluble protein may produce instant 
noodles with low levels of lipids (Park et al., 2004a; Wu et al., 2006a).  Instant noodles 
are either steamed and dried or steamed and fried before packaging into polyethylene 
bags or Styrofoam cup/bowls with a peelback aluminum cover.  Both forms of 
packaging provide good storage properties, while reducing the susceptibility of the food 
to oxidative rancidity and light degradation (Crosbie et al., 2004).  It has been suggested 
that instant fried noodles should have 6.6% moisture, 9.5% protein, 21.1% fat, 1.7% ash 
and neutral pH (Crosbie, Huang & Barclay, 1998). 
 
The rheological and textual properties of instant noodles with respect to starch and other 
ingredients have also been demonstrated within the literature (Yu & Ngadi, 2004; Yu & 
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Ngadi, 2006).  For instance, in a study by Yu  and Ngadi (Yu et al., 2004), it was shown 
that the addition of starch decreased fat absorption and when used with various other 
ingredients, including gums, enhanced the elasticity and extensibility of cooked instant 
fried noodles.  When examined at the noodle dough stage, starch contents enhanced 
cohesion and mechanical strength of the instant noodle dough (Yu et al., 2006).  
Furthermore, studies have also been conducted on the significance of amylose content 
of wheat starch and the various blends that can be used in determining their effects on 
the processing and quality properties of instant fried noodles (Noda et al., 2006; Park & 
Baik, 2004b).  In addition to the starch present in the flour, other sources of starch may 
also be incorporated at levels of 5-15% to enhance textural characteristics, as practiced 
in Japan, where potato starch is commonly used (Noda et al., 2006). 
 
4.9 Manufacture of Asian noodles, specifically instant fried noodles 
In the manufacture of the various styles of Asian noodles from wheat flour, the same 
preliminary processing steps are applied (Corke & Bhattacharya, 1999; Huang, 1996a).  
Accordingly, the production process described focuses on instant fried noodles.  These 
are prepared from a dough containing flour, water and salt and/or alkaline salts.  
Typically, all ingredients other than flour are dissolved in water prior to mixing 
(Azudin, 1998).  When the water is added to the flour, the dough initially becomes very 
soft and sticky, however as the ingredients are mixed and the water becomes evenly 
distributed, hydration of protein and starch occurs, resulting in the formation of a 
uniformly coloured, crumbly mixture without any pockets of dry flour (Azudin, 1998; 
Huang, 1996a; Huang, 1996b; Kubomura, 1998).  A gentle mixing speed (2-3 m/s) 
avoids the breakdown of gluten and the denaturation of wheat protein, which can result 
from increased temperatures during high speed mixing (Huang, 1996b).  In industry, 
mixers are generally of horizontal design with two parallel shafts to which are attached 
short beater arms that facilitate distribution of the water without significant 
development of the gluten dough matrix (Hou et al., 1998).  This characteristic is 
favourable as minimal gluten development during this stage helps to improve dough 
sheetability as well as sheeted dough smoothness and uniformity (Hou et al., 1998).  
Limited water absorption also slows noodle discolouration and reduces the amount of 
water to be removed during the final frying step (Hou et al., 1998).  After mixing, the 
crumbly mixture is allowed to rest for 20-40 min to accelerate the hydration of the 
wheat protein, starch and pentosans (Huang, 1996b).  The rest period also allows for 
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relaxation of the gluten structure and minimises damage to the gluten during subsequent 
steps in which sheet thickness is reduced (Crosbie et al., 2004). 
 
After resting, the crumbly dough pieces are formed into one or more dough sheets by 
passing through a pair of sheeting rolls (Hou et al., 1998).  Sheets may then be 
combined in a step called ‘compounding’ whereby they are passed through a second set 
of sheeting rolls to form a single sheet (Hou et al., 1998; Kubomura, 1998).  The noodle 
sheet is then gradually reduced in thickness by passing through several sets of smooth 
metal rolls with a successive reduction in the roll gap (Azudin, 1998; Huang, 1996b; 
Kim, 1996).  With each successive pass, the roll diameter should decrease gradually so 
that the pressure on the dough sheet is also reduced (Huang, 1996b).  Hence, through 
any one pass in the sheeting rolls, the thickness of the dough should be reduced between 
20-40% with the final reduction in thickness before cutting equating to 9-10% (Crosbie 
et al., 2004; Hou et al., 1998; Huang, 1996b).  The number of sets of sheeting rolls is 
typically six or seven (Azudin, 1998).  The resultant noodle sheet is then cut into long 
strands by passing through one set of rolls which are designed as cutting rolls.  The flow 
of the noodle strands emerging from the cutter are hindered by metal blocks, resulting in 
noodle waves, which are characteristic of instant noodles.  Various devices ranging 
from hinged baffles to rubber flaps, both placed immediately after the cutting rolls are 
used to form the waved noodles (Crosbie et al., 2004).  The cutting process is generally 
recognised as providing a good indication of gluten development in that dry noodle 
dough sheets will result in breakage and the formation of loose crumbs (Azudin, 1998). 
 
The cut and wavy noodle strands are conveyed to a steam chamber exposing them to 
temperatures of approximately 100 °C for 1-5 min (Kubomura, 1998; Nagao, 1995).  
During steaming, gelatinisation of the starch occurs causing an improvement in noodle 
texture (Crosbie et al., 2004).  If however, heating is insufficient the noodles will 
become fragile and disintegrate (Kubomura, 1998).  Alternatively, excessive heating 
will cause non-uniform drying in the noodles producing a hard and gluey product 
(Kubomura, 1998).  Following steaming, partially cooked instant noodles are cut into 
blocks and fried.  During the frying process many tiny holes are created as water is 
quickly evaporated, migrating from the interior to the exterior of the noodle strands 
(Hou et al., 1998).  As voids are created through the violent release of steam, there is 
also an increase in the surface area of noodles (Crosbie et al., 2004), which 
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simultaneously causes oil uptake on the surface of the noodles.  The heating process and 
the subsequent release of water, not only contributes to the gelatinisation of starch 
resulting in a more porous structure, but also facilitates the rehydration rates when the 
noodles are boiled and cooked (Kubomura, 1998).  Frying typically occurs at 140-150 
ºC for 1-2 min (Azudin, 1998) decreasing the moisture content from 30-50% to 2-5% 
whilst the oil content is usually between 15-20% (Kubomura, 1998).  Palm oil or a 
blend with beef tallow is commonly used for frying throughout most South East Asian 
countries.  Because of the nature of these oils, various antioxidants are used to retard 
rancidity of the frying medium (Kim, 1996).  Antioxidants including tert-
butylhydroquinone (TBHQ) and δ-tocopherol have been added to frying oil, thereby 
extending the shelf-life.  In particular, TBHQ has been found to be more effective for 
reducing rancidity in palm oil whilst the latter has shown similar effectiveness for beef 
tallow (Kim, 1996). 
 
When reconstituted in boiling water for 3-4 min (Hou et al., 1998), instant noodles 
should exhibit a strong bite, a firm, elastic and smooth surface, with no signs of fat 
separation in the cooking water (Crosbie et al., 2004).  During the initial stages of 
cooking, the inside of the noodle contains relatively little moisture as the noodle itself 
begins to absorb heat and moisture from the outside (Kubomura, 1998).  Boiling causes 
gelatinisation of starch (Kubomura, 1998) while water is absorbed to the interior of the 
noodle.  Upon rehydration, the resultant noodle becomes uniformly moist and soft in 
texture (Kubomura, 1998). 
 
4.10 Impact of other ingredients used in Asian noodles processing 
Whilst the major raw ingredient for wheat based noodles is flour, there are many other 
ingredients may be used to contribute to the quality of the finished product, particularly 
in the case of instant noodles (Miskelly, 1998).  These ingredients include sodium 
silicate, sodium polyphosphate, gluten (Crosbie et al., 2004; Jeffers, Noguchi & 
Rubenthaler, 1979), lecithin, fat, and a variety of starches and gums (Oh, Seib, Deyoe & 
Ward, 1983).  These ingredients directly affect and modify processing characteristics, 
colour and textural properties of the finished products (Miskelly, 1998).  For instance, 
potato starch or potato starch acetate are commonly incorporated in instant noodle 
products to facilitate rehydration (Shin et al., 2003).  Waxy corn, barley, rice and 
tapioca starches are used to enhance the texture of instant noodles (Hatcher, Lagasse, 
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Dexter, Rossnagel & Izydorczyk, 2005; Park et al., 2004b) whilst chemically modified 
starches have been employed in freezing or heat sterilisation of long life noodles, 
reflecting their impact on gelling properties and freeze-thaw stabilities (Miskelly, 1998).  
Alternatively, monoglycerides and other emulsifiers have been used to restrict starch 
swelling on cooking, which is beneficial in reducing surface erosion and cooking loss 
during boiling (Berland & Launay, 1995; Crosbie et al., 2004). 
 
Hydrocolloids including GG and ALG are typically incorporated in the formulation to 
act as stabilisers (Miskelly, 1998).  These ingredients are added in low amounts, often 
between 0.5% and 1.5% of flour weight (Crosbie et al., 2004), and provide a 
combination of effects including functioning as water binders and improving 
rehydration characteristics during cooking, increasing the firmness of the noodle and, in 
some cases, reducing oil uptake (Crosbie et al., 2004; Miskelly, 1998; Rosell, Rojas & 
Benedito-de-Barber, 2001; Yu et al., 2006).  In choosing a gum certain factors need to 
be considered including the type of gum, along with its viscosity, ease of hydration and 
particle size (Crosbie et al., 2004). 
 
Noodle colour can be enhanced by the addition of natural and synthetic colorants 
(Miskelly, 1998).  Colourings are dissolved in the brine solution prior to use and are 
chosen in accordance with the relevant food regulations (Miskelly, 1998).  ß-Carotene 
has been used as a means of adjusting udon to a creamy yellow colour whereas 
riboflavin and tartrazine have been added to the formulation of Hokkien noodles and 
ramen to enhance the yellow colour (Crosbie et al., 2004; Lee et al., 2002).  Other 
colorants used are gardenia yellow, vitamin E, turmeric, annatto and sunset yellow 
(Miskelly, 1998). 
 
More recently enzymes have been introduced to various noodles in order to improve 
textural properties as well as colour characteristics (Crosbie et al., 2004).  Lipases have 
been reported to have a significant impact on reduced surface stickiness, and increased 
firmness, while amylases have been applied to the surface of cooked noodles as well to 
reduce the surface stickiness in pre-cooked noodles.  Glucose oxidase has also 
demonstrated effects of increasing noodle firmness and reducing cooking losses and 
stickiness (Crosbie et al., 2004). 
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4.11 The effects of raw materials on quality of Asian noodles 
Wheat 
Wheat flour is one of the main ingredients of noodles, and wheat quality greatly 
influences the final product (Kubomura, 1998).  The principle consideration in selecting 
wheat for the milling of noodle flours is that it be well-filled, of good appearance, and 
not damaged by weather or grain drying (Crosbie et al., 2004).  Noodle wheat should 
not be too hard, have an appropriate balance of protein content and quality with milling 
processes controlled to avoid excess starch damage (Hou et al., 1998; Miskelly, 1998).  
Damaged starch not only absorbs more water but may also reduce noodle cooking and 
eating quality (Hou et al., 1998).  Furthermore, starch in flour from sprouted soft wheats 
results in sticky noodle texture, presumably because of the amylase and protease 
activity (Cato et al., 2006a; Oh, Seib, Ward & Deyoe, 1985). 
 
Milling extraction rates and protein content have shown considerable impact on the 
brightness of noodles.  It has been observed that wheats with low extraction milling 
rates produce brighter quality noodle flours (Crosbie et al., 2004; Miskelly, 1998) as 
compared to increased mill extraction rates, which show a decrease in brightness 
(Kruger, Matsuo & Preston, 1992).  High extraction levels of flour also result in a 
higher number of bran particles, in which polyphenol oxidase (PPO) is localised 
(Crosbie et al., 2004; Miskelly, 1998).  In order for Asian noodles to be acceptable in 
the Asian market they must be low in PPO, an enzyme that causes browning 
discoloration in raw noodle dough over time (Hatcher & Symons, 2000; Seib, Liang, 
Guan, Liang & Yang, 2000).  With respect to protein content, several studies have 
indicated that using wheats with increased protein content adversely affects the 
brightness of the noodle (Bhattacharya, Luo & Corke, 1999; Kruger et al., 1992; Moss, 
1971). It should however be noted, that the protein content of wheat will be selected 
according to the noodle type in order to achieve the desired eating quality (Hou et al., 
1998). 
 
Flour 
The quality of flour has considerable impact on the colour, opaqueness, strength, and 
cooking quality of noodles (Oh et al., 1985).  Colour is one of the most important 
considerations in assessment of flour quality, particularly in regard to the quality of the 
end product (Miskelly, 1984).  Noodle colour and discolouration can depend on several 
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factors including intrinsic flour colour, ash content, flour extraction rate, flour particle 
size, sprout damage, protein content and enzyme activity (Miskelly, 1998; Wang et al., 
2004).  The yellowness of the flour, mainly due to the presence of xanthophyll 
pigments, has a significant effect on the colour of raw and cooked noodles.  The 
consideration of colour however is regarded more important with raw noodles than with 
boiled or steamed noodles, since time dependent darkening due to PPO may occur and 
boiling or steam usually inactivates this enzyme (Bhattacharya et al., 1999; Kruger et 
al., 1992).  Wet noodles under alkaline conditions are susceptible to time-dependent 
discolouration resulting in a darkened surface (Hatcher, Symons & Kruger, 1999b).  
Spots that yield a mottled appearance are formed in localised areas throughout the 
noodle along with the darkening that occurs within the overall matrix of a noodle 
(Hatcher et al., 1999b).  Darkening has been show to be most rapid during the first hour 
for alkaline noodles with certain cultivars, followed by a period of stability before a 
significant further increase by 24 h (Hatcher et al., 1999b).  Flour particle size also 
influences noodle brightness, with decreased particle size, at equivalent starch damage 
levels associated with brighter noodles (Crosbie et al., 2004). 
 
The protein content of flour contributes not only to the colour of noodles but also the 
firmness and hardness (Hou et al., 1998; Miskelly, 1998).  The principal characteristics 
of flour that govern noodle texture are protein content, protein and starch, the 
composition of these two components and, in some cases, the lipid content (Crosbie et 
al., 2004).  Flour protein content has been positively correlated with noodle hardness 
and negatively with noodle brightness (Hou et al., 1998).  Low protein levels result in 
less tough and lighter coloured dough during noodle formation (Crosbie et al., 2004) 
whereas an increase in protein content produces a noodle that is more acceptable in 
eating quality but less appealing in colour.  Higher protein flours appear duller because 
there is less starch available to reflect light (Lee, Gore, Lee, Yoo & Hong, 1987).  For 
Japanese noodles, an increase in the level of flour protein or brown pigment decreased 
flour brightness and produced dull noodles (Miskelly, 1984).  The brightness of raw 
Chinese noodles was also inversely related to the protein content and brown 
pigmentation level (Miskelly, 1984). 
 
In terms of cooking quality, the protein content of flour can influence the chewiness of 
cooked noodles (Crosbie et al., 2004).  Cooking quality generally refers to strength or 
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firmness, elasticity, cooking loss, surface characteristics, and tolerance to overcooking 
of noodles (Oh et al., 1985).  Typically, an optimum ratio of amylose to amylopectin in 
flour is necessary for good noodle quality.  Increased levels of amylose reduced the 
water binding of cooked noodles, resulting in firmer noodles with loss of elasticity 
(Miskelly et al., 1985).  Firmness and chewiness of a cooked salted noodle also 
increases with increasing protein in flour as strong flours (those with high resistance and 
extensibility) give firmer and more elastic noodles than weak flours (Miskelly et al., 
1985; Rho, Seib, Chung & Deyoe, 1988).  In instant noodles, it is critical that a 
moderately strong viscoelastic glutenin be formed to stabilise and impart the desired 
chewiness to the noodle. 
 
Sodium chloride and alkaline salts (Kansui) 
The addition of salt decreases water absorption, but increases the optimal dough 
development (Crosbie et al., 2004; Kubomura, 1998; Wu, Beta & Corke, 2006b).  
Moreover, salt has the effect of decreasing farinograph absorption; however, in the 
presence of alkali, its impact is masked by the dominant strengthening effects of the 
latter.  Other functions include increasing flavour, accelerating the rate of drying, 
modifying enzymatic activity and prolonging shelf-life (Crosbie et al., 2004).  Studies 
have also shown that in the presence of 2% salt, dough properties are smoother and 
more uniform in gluten structure that unsalted dough (Wu et al., 2006b). 
 
Common alkalis used in the manufacture of alkaline noodles include: sodium carbonate, 
potassium carbonate and sodium bicarbonate.  Furthermore, sodium hydroxide is 
sometimes used, particularly in the manufacture of Hokkien noodles (Crosbie et al., 
2004).  Alkaline-flour interactions are responsible for several effects including 
strengthening and toughening of the dough resulting in gum-like texture (Crosbie et al., 
2004; Kubomura, 1998), increasing both the breaking and cutting forces of noodles, 
affecting pasting properties of starch by retarding gelatinisation and increasing paste 
viscosity, inhibiting enzymatic activity and suppression of enzymatic darkening 
(Lorenz, Martin & Stewart, 1994) as well as contributing to the development of  the 
bright yellow colour and flavour enhancement (Crosbie et al., 2004; Edwards, Scanlon, 
Kruger & Dexter, 1996; Moss et al., 1986; Shelke, Dick, Holm & Loo, 1990; Wu et al., 
2006b). 
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With respect to NaOH, studies have shown that it exhibits mixed effects.  Although 
increasing water absorption and reducing mixing requirements by producing tough and 
less extensible doughs (Edwards et al., 1996), the use of NaOH has caused offset of 
colour by rapid deterioration in cooked noodle texture with time (Crosbie et al., 2004).  
Noodles made from NaOH also have softer texture, which is associated with increased 
starch swelling (Crosbie et al., 2004).  However, at 1% NaOH, noodles have displayed 
slightly stickiness in texture whilst gluten development has been adversely affected, as 
the protein network was more disrupted with larger void spaces (Moss et al., 1986).  
The level of alkaline incorporated into noodle formulations varies from zero (white 
salted products) to around 1% (yellow alkaline) with 0.2% commonly used for instant 
noodles (Bui & Small, 2007d).  These authors showed that the alkaline conditions 
probably have little impact on FA fortficant in contrast to their significance for stability 
of some other B group vitamins. 
 
Water 
The addition of water contributes to the viscoelastic properties of the dough and 
increases the smoothness of the noodle surface (Kubomura, 1998).  The dough becomes 
more cohesive after kneading with the transparency of the noodles improving, the 
boiling time is decreased and the size and shape of the noodles are retained after boiling 
(Kubomura, 1998).  As more water is added to the mixture, the dough becomes 
increasingly soft and uniform. However, with less than 35% water the dough exhibits 
resistance and requires more kneading and takes a longer time to form.  Insufficient 
water forms stiff dough that gives a sheet non-uniform appearance with streaks of flour 
on the surface.  Alternatively, excessive water produces a slack dough that is too 
extensible, resulting in sticking of the dough to the rolls during sheeting and cutting 
(Hatcher, Kruger & Anderson, 1999a; Oh, Seib, Finney & Pomeranz, 1986). 
 
4.12 Cereal based foods as sources of B vitamins 
Wheat flour is recognised as a good source of many B-group vitamins including 
thiamin, riboflavin, pyridoxine, niacin, pantothenic acid, biotin and folates (Batifoulier, 
Verny, Chanliaud, Rémésy & Demigné, 2005; Batifoulier, Verny, Chanliaud, Rémésy 
& Demigné, 2006; Bui et al., 2007a).  Although the distribution of these vitamins can 
vary in the wheat grain, some, including pyridoxine and thiamin are particularly 
abundant in the external layers of the wheat grain (Batifoulier et al., 2006).  As a result, 
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these vitamins are usually subjected to the effect of milling, which typically results in 
severe loss from the flour (Batifoulier et al., 2005).  In addition, many B-group vitamins 
are relatively unstable during food processing and are degraded by factors including 
light, pH, temperature, water activity and the presence of certain food additives (Bui et 
al., 2007a; Gregory, 2008).  Several factors are however recognised in explaining 
variability in vitamin levels, including cultivar, year, growing location, and milling or 
flour extraction rate (Batifoulier et al., 2006).  Provided in Table 4.5 is a summary of 
the B vitamin content of various cereal grains. 
 
Table 4.5 B-group vitamin content of various cereal grains (µg/g) 
 
 
 
Note 1 Source of data used was (Kent & Evers, 1994) 
 
 
4.13 Summary and conclusion 
Asian noodles are a major end-use of wheat flour globally, representing a product 
distinct from the traditional Italian pasta products, in terms of the species of wheat 
utilised as well as the ingredient formulations and processing steps applied. There has 
been considerable research into the factors influencing product quality, particularly 
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flour characteristics and the relative contributions made by the starch and protein 
components of wheat flour. Until recently, research efforts have focused on the 
traditional forms of noodles which are WSN and YAN. The rapid adoption of instant 
styles of noodle products, not only in Asia but in most countries around the world, has 
lead to increasing interest in the processing and quality characteristics of these 
convenient foods. Whilst wheat flour is thought of as a good source of vitamins and 
minerals, losses occur during milling of the grain. There is relatively little published 
data which elucidates the contribution of Asian noodles to dietary intakes of the 
vitamins including the folates. 
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Chapter 5 - Background and literature review:  procedures 
for the analysis of folates 
The purpose of this chapter is to provide a brief background on the methods available 
for measurement of folates.  In addition, the specific challenges associated with the 
analysis of this vitamin are reviewed. 
 
5.1 Review of methods for the analysis of folates 
Before discussing the literature of folate determination it is noted that reviews by 
Tamura et al., (Tamura, 1998) and Arcot and Shrestha (Arcot & Shrestha, 2005) have 
previously discussed this topic.  Although the reviews were published in 1998 and more 
recently in 2005, attempts have been made to revisit the literature and provide an 
alternative perspective on the topic. 
 
In comparison with other vitamins, research leading to the recognition of folate as an 
essential nutrient has been relatively recent.  Despite this, there has been considerable 
attention paid to analytical methods for folate determination along with studies of its 
significance for health.  Microbiological assay is recognised as the only method of 
folate determination by the Association of Official Analytical Chemists (AOAC) 
(methods 992.05 (2002)) (AOAC, 1990) and American Association of Cereal Chemists 
(AACC) (AACC Method (68-47) (Tamura, 1998).  The assay is based on folate 
promoting the growth of lactic-acid forming organisms, particularly Lactobacillus casei 
(L. casei) subsp. Rhamnosus (ATCC 7469).  This bacterium has been the most widely 
preferred for folate determination in foods due to its response to mono, di and tri-
glutamate forms of folate (Bird & McGlohon, 1972; Han & Tyler, 2003; Hawkes & 
Villota, 1989; Krumdieck, Tamura & Ito, 1983; Patring, Jastrebova, Hjortmo, Andlid & 
Jägerstad, 2005; Phillips & Wright, 1982; Phillips & Wright, 1983; Rader, Weaver & 
Angyal, 1998; Tamura, Shin, Williams & Stokstad, 1972). 
 
The microbiological analysis of folate is applicable to most food matrices and vitamin 
supplements as it is estimated that 75% of naturally occurring folates are polyglutamate 
forms, which require enzymatic hydrolysis for detection (Iwatani, Arcot & Shrestha, 
2003).  The minimum detectable level on a wet basis is 0.25 µg/100 g of FA, which 
assumes that the lowest practical sample dilution factor is 1:100 (Bui & Small, 2007b).  
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Often, levels of folate can be referred to as ‘free’ or ‘total’ folate.  The ‘free folate’ 
value indicates the L. casei activity measured without enzymatic deconjugation, 
whereas ‘total folate’ value means the L. casei activity measured with enzymatic 
deconjugation.  The term ‘free folate’ is now more commonly referred to as the 
‘undeconjugated folate’ and is considered important as it is expected to be absorbed 
more efficiently than its conjugated, longer chain counterpart (Iwatani et al., 2003).  In 
addition to L. casei, a variety of different bacteria have been utilised in the assay of 
folate (Hawkes et al., 1989) but have proven to be less responsive to certain methyl 
folates (Keagy, 1985)  These organisms include Streptococcus faecalis (ATCC 8043), 
Pediococcus cerevisiae (ATCC 8081) and Bacillus coagulans (Keagy, 1985). 
 
The AOAC microbiological method has been used over a long period of time but has 
been the subject of intensive study particularly during the past five yrs.  There have 
been various reasons for this including the increasing evidence that folate has broader 
nutritional and health implications.  The move to fortification of foods with folate and 
the need to monitor compliance with regulatory requirements has also prompted some 
of the research in this area. Among the issues that have been addressed include the 
effectiveness of particular deconjugase treatments (Rader et al., 1998) the release of 
folates from food matrices by various enzymatic treatments (Johnston, DiRienzo & 
Tamura, 2002a; Johnston, Lofgren & Tamura, 2002b; Martin, Landen, Soliman & 
Eitenmiller, 1990) and the impact of pH conditions during assay (Aiso & Tamura, 1998; 
Kirsch & Chen, 1984).  Furthermore, several limitations exist with the assay including 
the lack of information on the individual folate forms, interferences from the sample 
matrix, and significant growth response differences to various folate forms.  
Furthermore, the assay requires an analysis time of typically five days to obtain a result, 
which is time consuming (Arcot, Shrestha & Gusanov, 2002). 
 
By comparison, the use of CE and HPLC has offered potential as it does not demand 
such labour intensive preparations, providing for very efficient separations, low solvent 
consumption and ease of automation (Lindeberg, 1996).  Extensive research has been 
conducted on folates in foods particularly using HPLC (Akhtar et al., 2003; Breithaupt, 
2004; Chatzimichalakis, Samanidou, Verpoorte & Papadoyannis, 2004; Chen, Chen & 
Yao, 2006; Doherty & Beecher, 2003; Finglas, Wigertz, Vahteristo, Whitthoft, Southon 
& de Froidmont-Gortz, 1999; Gujska & Kuncewicz, 2005; Jastrebova, Witthöft, Grahn, 
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Svensson & Jägerstad, 2003; Nilsson, Johansson, Yazynina, Strålsjö & Jastrebova, 
2004; Osseyi, Wehling & Albrecht, 1998; Osseyi, Wehling & Albrecht, 2001; Patring et 
al., 2005; Pawlosky et al., 2003; Phillips et al., 2005; Prieto et al., 2006; Ruggeri, 
Vahteristo, Aguzzi, Finglas & Carnovale, 1999; Schieffer, Wheeler & Cimino, 1984; 
Stea, Johansson, Jägerstad & Frølich, 2006; Vahteristo, Finglas, Witthöft, Wigertz, 
Seale & Froidmont-Görtz, 1996a; Vahteristo, Lehikoinen, Ollilainen, Koivistionen & 
Varo, 1998; Vahteristo, Ollilainen, Koivistoinen & Varo, 1997; Viñas, López-Erroz, 
Balsalobre & Hernández-Córdoba, 2003; Wolfe, Finglas, Hart, Wright & Southon, 
2001). CE has also been applied to foods (Aurora-Prado, Silvia, Tavares & Altria, 2004; 
Buskov, Møller, Sørensen, Sørensen & Sørensen, 1998; Gomis, González & Álavarez, 
1999) as well as a variety of pharmaceutical formulations and supplements, of which 
most have examined the simplest naturally occurring form of folate, FA (Andrisano, 
Bartolini, Bertucci, Cavrini, Luppi & Cerchiara, 2003; Aurora-Prado et al., 2004; 
Chatzimichalakis et al., 2004; Gomis et al., 1999).  Other analytical methods relating to 
the analysis of folates in food have been employed as alternatives including 
radioprotein-binding assay (Strålsjö, Arkbåge, Witthöft & Jägerstad, 2002), stable 
isotope liquid chromatography-mass spectrometry (LCMS) (Freisleben, Schieberle & 
Rychlik, 2003; Thomas, Flanagan & Pawlosky, 2003), enzymatic folate-binding protein 
methods (Arcot et al., 2002) and optical biosensor analysis (Nygren, Sternesjö & 
Björck, 2003). 
 
5.2 General application of CE in folate analysis 
CE offers great versatility and flexibility in the broad area of food analysis by providing 
unique sensitivity and high resolution (Frazier, Ames & Nursten, 1999).  CE in its 
various modes of operation, including capillary zone electrophoresis (CZE) and micellar 
electrokinetic chromatography (MEKC), also offers high separation efficiency, high 
speeds of analysis and additionally, minimal sample and solvent consumption (Frazier 
et al., 1999).  Several reviews have been published relating to the application of CE in 
food analysis (Cifuentes, 2006; Dong, 1999; Frazier et al., 1999; Frazier & 
Papadopoulou, 2003; Herrero, Ibanez & Cifuentes, 2005; Horie & Kohata, 2000; 
Lindeberg, 1996; Locksmith et al., 1998; Seib et al., 2000; Simó, Barbas & Cifuentes, 
2005).  For instance, Trenerry (Trenerry, 2001) demonstrated the application of CZE 
and MEKC in the determination of ascorbic acid, niacin and thiamin in various food 
samples.  Alternatively, two reviews by Frazier et al. (Frazier et al., 1999) and Frazier 
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and Papadopoulou (Frazier et al., 2003) comprehensively discussed CE analysis in areas 
relating to vitamins whilst also considering carbohydrates, antioxidant and phenolic 
compounds as well as food additives.  Dong (Dong, 1999) highlighted the application of 
CE in carbohydrate, vitamin and ion analysis, whilst also providing detail in the areas of 
quality assessment of the technique. 
 
5.3 Overview of CE modes 
The different modes of CE can achieve separation for a diversity of compounds based 
on the different electrophoretic mobilities of substances in solution under the action of 
an electric field.  CZE, also called free solution electrophoresis, is the most commonly 
used mode of CE for the analysis charged analytes.  In CZE, separation is based on the 
differences in the charge-to-mass ratio (Fernandes & Jr, 1998) and, inversely, according 
to their solution drag force (Swedberg, 1997).  MEKC is the pseudo-chromatographic 
mode of CE whereby separation and analysis of neutral molecules occurs through 
inclusion into micelle-forming detergents added to the electrophoretic medium 
(Lindeberg, 1996).  Surfactants at or above the critical micelle concentration are used to 
create a pseudo-phase into which solute molecules may partition and can either be 
positively charged as in the case of cetyltrimethylammonium bromide, carry no net 
charge including the alkyl-glucoside surfactants or carry a negative charge, including 
sodium dodecyl sulfate (Swedberg, 1997).  In MEKC, molecules are distributed 
between the aqueous and micellar phases according to their polarity or phase 
partitioning behaviour (Lindeberg, 1996).  As a result, the degree of distribution 
between aqueous and micellar phase can be manipulated by choosing different 
detergents, by changing the pH of the buffer or alternatively by modification of the 
buffer composition by inclusion of an organic modifier in the electrolyte. 
 
CE coupled with MS has also been employed for the determination of a variety of small 
molecules in foods.  The principal interface used for direct coupling of CE to MS has 
been electrospray of gaseous ions from highly charged evaporating liquid droplets.  
Consequently, the interface for CE electrospray ionisation MS achieves both a stable 
CE current and high efficiency of ionisation (Simó et al., 2005).  A range of detection 
methods has been reported for CE of food components; direct and indirect UV and 
fluorescence, MS, electrochemical and conductivity as well as other less common 
methods such as chemiluminescence.  The incorporation of cyclodextrin and other 
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chiral selectors in the run buffer in many applications of CE for food analysis indicates 
the importance of enantioselective separations for food analysis.  It is also apparent that 
many studies continue to compare CE analysis to HPLC conducted on the same 
samples.  This serves as a validation of the CE data or confirmation of the CE results.  
Presumably this is due to the concern of confidence, reliability and robustness of the CE 
method in the first instance; however upon validation, the CE method should provide 
acceptable analytical performance. 
 
5.4 Current status of research relating to CE analysis of folate 
Recent applications of CE in the analytical determination of vitamins have concentrated 
primarily on water-soluble vitamins and their derivatives (Frazier, 2001).  Although a 
review by Trenerry (Trenerry, 2001) described the application of CE to the analysis of 
ascorbic acid, niacin and thiamin, research relating to the analysis of folate has been 
limited. Some investigators have reported separations of selected folate derivatives in 
food products. 
 
For example, Matella et al., (Matella, Braddock, GregoryIII & Goodrich, 2005) 
employed CE with photodiode array detection for the determination of 5-
methyltetrahydrofolate (5mTHF) polyglutamates in citrus products.  Folate species were 
purified with combined folate-affinity chromatography and a C18 column prior to 
analysis using 55 mM sodium tetraborate buffer containing 5% Acetonitrile (ACN) and 
detection at 290 nm.  The procedure provided the additional advantage of separating up 
to seven polyglutamyl forms of 5mTHF in most not-from-concentrate orange juices in 
total amounts of approximately 1 nmol/mL.  Most of the folate was present in the juice 
with the peel, rag and core, pulp and seeds also having detectable levels of polyglutamyl 
folates.  The relative amounts of the different forms were also seen to vary from sample 
to sample, and this was attributed to the cultivar and maturity of the extract.  Other 
samples analysed were single-strength orange juice from concentrate, not-from-
concentrate grape juice and citrus peel molasses.  Overall, the CE method was shown to 
be efficient and reproducible with folate recoveries between 82 and 90%.  Good 
agreement was also shown when results were compared to those from HPLC with 
fluorescence detection. 
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Zhao et al., (Zhao, Yuan, Xie & Xiao, 2006) used CE with chemiluminescence 
detection for the determination of FA in apple juice.  Optimal separation and 
determination was obtained with an electrophoretic buffer of 35 mM sodium borate (pH 
9.4) containing 0.8 mM luminol and an oxidiser solution of 1.6 mM NaBrO in 100 mM 
NaCO3 buffer solution (pH 12.0).  In addition, pharmaceutical tablets and human urine 
were examined.  Prior to introduction onto the capillary, apple juice samples were 
combined with 35 mM borate buffer and heated at 80 °C for 5 min.  Studies showed that 
by heating FA the chemiluminescence reaction between luminal and BrO- was 
enhanced.  Upon analysis of three apple juice samples, results showed that the contents 
of FA were between 0.33 and 0.43 mg/L.  The method was also validated in terms of 
linearity, limit of detection, reproducibility and accuracy.  In all, the method was 
concluded to be simple and sensitive, providing high efficiency as determination of FA 
was achieved in less than 20 min.  
 
Additionally, studies have been carried out in the pharmaceutical industry in which 
several vitamins including FA in supplement preparations were analysed (Aurora-Prado 
et al., 2004; Buskov et al., 1998; Gomis et al., 1999; Zhang, Zhao & Lin, 2007).  Gomis 
et al. (Gomis et al., 1999) employed MEKC for the analysis of FA and six other water-
soluble vitamins.  Using an optimised carrier electrolyte comprising of 20 mM 
phosphate-borate and 50 mM sodium dodecyl sulphate (pH 9), all analytes were 
simultaneously separated within 7 min and subsequently detected 
spectrophotometrically at 265 nm.  Overall, all compounds showed good correlations 
between the peak area and concentration with the limit of detection for FA calculated at 
0.08 µg/mL. 
 
Aurora-Prado et al. (Aurora-Prado et al., 2004) developed and validated a 
microemulsion electrokinetic chromatography method for the determination of FA in 
commercial tablets.  In this method, electrokinetic separations are achieved using 
buffers containing surfactant coated oil droplets.  The technique separated solutes based 
on both hydrophobicity and electrophoretic mobility differences.  Samples were 
introduced onto the capillary via hydrodynamic injection and analysis involved a 
microemulsion containing 0.05% (w/w) ethyl acetate, 1.2% (w/w) butan-1-ol, 0.6% 
(w/w) sodium dodecyl sulfate, 15% (v/v) 2-propanol and 82.7% (w/w) 10 mM sodium 
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tetraborate aqueous buffer at pH 9.2.  To facilitate quantification, niacin was used as an 
internal standard and subsequently detected at 214 nm. 
 
Although these pharmaceutical methods were not directly related to the analysis of FA 
in food samples they did provide good results with respect to linearity, precision and 
accuracy and could be considered when developing a CE method for the analysis of FA 
in fortified instant noodles. 
 
5.5 Application of HPLC in folate analysis 
The term HPLC is used to describe liquid chromatography in which the liquid mobile 
phase is mechanically pumped through a column that contains the stationary phase.  
Typically, RP-HPLC has been the most widely used chromatographic mode and 
separates neutral, polar or non-polar molecules in solution on the basis of their 
hydrophobicity.  RP-HPLC has been commonly applied to the analysis of B-group 
vitamins (Viñas et al., 2003), particularly folates. 
 
Liquid chromatography is well suited to the separation of folates because of small 
differences in ionic character and hydrophobicity (Vahteristo, Ollilainen, Koivistoinen 
& Varo, 1996b).  Most methods employed have used C18 columns and reversed-phase 
conditions in combination with ion-pair techniques to achieve separation of folates in 
samples including bread and different types of fortified fruit juices (Breithaupt, 2004; 
Doherty et al., 2003; Osseyi et al., 2001).  Alternatively, chromatographic separation of 
folates have been achieved using SB C8 columns (Jastrebova et al., 2003; Stea et al., 
2006) and an amide-based stationary phase (Amide-C16 column) (Viñas et al., 2003).  
In one particular study using the C8 column, researchers showed that a higher degree of 
selectivity and sensitivity were obtained over C18 columns when determining folates in 
raw and processed beetroot as folates exhibited better separation and improved peak 
symmetry on the C8 column due to better coverage of surface silanols (Jastrebova et al., 
2003). 
 
With respect to the amide-C16 column, analysis excluded the use of the ion-pairing 
technique for the determination of several B-group vitamins, which included FA.  Viñas 
et al., (Viñas et al., 2003) used a stationary phase for basic compounds involving a 
ligand with amide groups and the endcapping of trimethylsilyl permitted the residual 
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silanol groups to react more strongly. This effectively enabled separation of the 
vitamins from samples including infant formulas, cereals and fruit products (Viñas et 
al., 2003). 
The low concentrations of folates present in most foods may limit the applicability of 
any separation technique and emphasise the need for sensitive detection techniques 
(Arcot et al., 2005).  Detection and identification of the folate derivatives have generally 
been accomplished with UV or fluorescence detection (Doherty et al., 2003; Patring et 
al., 2005; Prieto et al., 2006; Ruggeri et al., 1999; Vahteristo et al., 1998; Vahteristo et 
al., 1996b; Vahteristo et al., 1997).  The associated selectivity reduces the number of 
interfering compounds, which is a critical requirement in identifying and quantifying the 
forms of folate present in purified samples (Arcot et al., 2005).  As FA and other folate 
derivatives do not fluoresce, UV is more frequently employed than fluorometric 
detection.  Samples containing FA can be analysed fluorometrically but require 
derivatisation to cleave the FA to fluorescent pterins (Arcot et al., 2005).  Reagents 
including tetrabutylammonium phosphate in the chromatographic buffer allow retention 
of ionic species on reversed-phase C18 columns.  The technique requires the analyte to 
be ionised so ion-exchange ionic association with the ion-pairing reagent can occur.  For 
folates, this requires a neutral or basic pH (Doherty et al., 2003).  The disadvantage 
however is that fluorescent detection is negated as it eliminates the fluorescence of 5-
MTHF and other reduced folates (Doherty et al., 2003).  
 
5.6 Summary and conclusion 
Over the past two decades, many researchers have investigated the analysis of folates.  
Whilst the standard microbiological method is sensitive and enzymatic treatment of 
samples is now widely applied, the procedure has limitations.  Accordingly various 
alternative approaches have been reported and some of these allow analysis of some of 
the many different molecular forms which occur naturally in foods.  HPLC has been 
applied to various foods and more recently CE has shown potential.  However it is noted 
that some studies have focused on pharmaceutical supplements in which relatively high 
concentrations of folic acid are present. 
 
Chapter 6 
55 
 
Chapter 6 - Summary of background and description of 
project aims 
The purpose of this chapter is to summarise the context in which this project has been 
developed and to describe the aims of the research program. 
 
6.1 Summary of current situation and significance of the project 
At least one eighth of all wheat produced globally is used for the production of Asian 
noodle products. In addition, it has been estimated that a third of the wheat exported by 
Australia is used for noodles as these products are a staple food in many Asian 
countries. In recent years instant styles of noodles have become increasingly popular 
due to their convenience and the rapid increase in consumption continues in most 
countries outside of Asia. Despite this, it has only been recently that the potential of 
these products to act as a vehicle for vitamin fortification has been considered. 
 
During the early twentieth century, nutrient deficiency was identified as a major public 
health problem. The adequacy of intakes of the B vitamins, particularly folate in the diet 
remains a current concern, even in developed countries and has been the subject of 
research and attention in recent years. Recent research on Asian noodle products has 
highlighted the issue of vitamin stability and there is a need for studies both of reliable, 
convenient extraction and analytical procedures as well as strategies which might 
enhance the retention of water soluble micronutrients in these food products. 
 
6.2 Hypothesis 
The research reported in this thesis has been based upon the hypothesis that 
microencapsulation might provide a means to minimise the losses of the FA used to 
fortify instant noodles. 
 
6.3 Project aims 
The aims of this project have been to: 
1. Evaluate extraction and analytical procedures which might be conveniently applied 
in the analysis of FA used as a fortificant in the production of instant Asian 
noodles;  
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2. Optimise procedures for CE analysis of FA in instant noodles; 
3. Compare an optimised HPLC procedure with the CE method for FA; and  
4. Investigate microencapsulation of FA and evaluate the enhancement of retention 
that might readily be achieved by the strategies developed. 
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Chapter 7 - Materials and methods 
The purpose of this chapter is to describe the chemicals, reagents, equipment and 
methods used during this study. This includes procedures applied in the preparation of 
standards and enzyme solutions, sampling and manufacture of instant fried noodles, 
extraction procedures, analytical methods for the measurement of FA as well as 
techniques used for microencapsulation.   
 
7.1 Materials 
All chemicals including enzyme preparations and vitamins used in product formulation 
and analytical procedures were of analytical grade or of the highest purity available, 
unless otherwise specified.  Details of both the supplier and selected product codes for 
the chemicals used in the study are presented in Table 7.1. 
 
7.2 Apparatus and auxiliary equipment 
The items of equipment used, together with the details of manufacturers and model 
numbers are presented in Table 7.2. 
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Table 7.1 Details of chemicals and suppliers 
 
Supplier Chemicals 
Sigma Chemical Co, 
USA 
FA (F-7876), Nicotinic acid (NA) (72309), sodium tetraborate 
(Borate) (221732), di-potassium hydrogen orthophosphate 
(potassium phosphate, dibasic) (P-8281), hydrochloric acid 
(101256J) and α-amylase (A-3176), L-cysteine (C-7352), L-
ascorbic acid (A-5960), rice starch (S-7260), alginic acid 
(sodium salt from brown algae) (A-2033) and xanthan gum (XG) 
(286028) 
Megazyme Int, 
Ireland 
Protease (subtilisin A from B. licheniformis) (10401) 
Ajax Chemicals, 
Melbourne 
Potassium dihydrogen orthophosphate (391), methanol (A-2314), 
sodium carbonate (463) , potassium carbonate (380), sodium 
hydroxide (482), Acetic acid (glacial) (1-2.5L GL), ACN (2315), 
acetone (A-6), sodium chloride (465), ethanol absolute (214-UN 
1170) and calcium chloride (dihydrate) (127) 
Waters Co, Milford, 
MA 
Tetrabutylammonium dihydrogen phosphate (PIC A reagent) 
(WAT085101) 
Bronson and Jacobs, 
Australia 
Guar gum (32826) 
Manildra Flour Mills 
Pty, Ltd 
Bakers flour 
Langdon Ingredients, 
United Kingdom 
Gum Arabic (44386) 
Danisco Textural 
Ingredients 
κ-carrageenan (411833) 
CP Kelco, Genu, 
Denmark 
LMP (Pectin type LM – 104 AS, 2200) 
  
Notes 1 Description presented as chemical name (product number) 
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Table 7.2 Description of equipment and instrumentation 
 
Equipment Manufacturer/supplier Model No 
Water bath  
(thermostatically controlled) 
Thermoline Scientific 
Instruments Pty Ltd, Melbourne 
BTC 9090 
Cary Spectrophotometer  
(UV-VIS) 
Varian Australia Pty Ltd, 
Melbourne 
1E 
Ultra-Turrax homogeniser Janke and Kunkel, Stanfen, 
Germany 
T 25 
Kenwood mixer Kenwood Ltd, Britain KM210,  
Serial no. 
0309397 
Noodle maker Domestic ‘spaghetti machine’ 
Imperia, Italy 
MOD 150, 
design no. 
1048534 
Cutting attachment for noodle 
maker 
Imperia, Italy MOD 150 
Environmental scanning 
electron microscope (ESEM) 
FEI Company, USA  Quanta 200 
Magnetic hot plate Industrial Equipment & Control 
Pty Ltd, Australia 
CS76083V 
pH meter Hanna Instruments, Italy pH211 
Deep fryer Sumbeam Co Ltd.  Austrlia DF 4400 
Spray dryer Niro Atomiser, Denmark Minor 
Centrifuge Beckman Instrument, Inc, 
Germany 
GS-15R, 
360904, series 
GYD 95H13. 
Applied Biosystems 270A-HT 
CE system Perkin Elmer, USA ABI 270HT 
HP 3D CE system Aglient, USA HP-3D 
HPLC Aglient, USA HP-1100 
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7.3 Preparation of instant noodles 
A number of batches of the same noodle style were made in the laboratory and the 
samples of these batches were analysed in triplicate. The averages of the results from 
the analysed data were calculated and are presented in this report, representing the value 
of each batch of noodles prepared.  Noodle samples were prepared using procedures 
based on those described elsewhere (Bui et al., 2007d; Moss, Gore & Murray, 1987). It 
is specifically noted here that all steps in the preparation of noodles were carried out in 
subdued lighting conditions in order to minimise the potential impact of light on vitamin 
stability and non-specific loss due to sample handling.  The ingredients used to make 
instant noodles were: 300.0 g flour, 105.0 g water, 0.36 g potassium carbonate, 0.24 g 
sodium carbonate and 3.0 g common table salt.  Palm oil used to deep fry the noodles.  
The procedure for making instant noodles was the same as that for YAN at the mixing 
and rolling steps. However, subsequent to these steps, the resultant sheet was not rested 
but was immediately passed a further four times between the rollers to reduce the sheet 
thickness before cutting into noodle strands for the further preparation steps of 
steaming, frying and draining. 
 
The kansui mixture (potassium and sodium carbonate) and salt was dissolved in water 
and this solution was added to the flour during mixing.  After mixing, the resultant 
dough had a crumbly consistency.  The dough was formed into a dough sheet by a 
process of folding and passing the crumbly dough through the rollers of the noodle 
machine several times. For this combining step the rollers was set at the maximum gap 
available. Typically, three passes were required to give a uniform sheet which held 
together as a single dough piece.  The combined sheet was allowed to rest for 30 min, 
covered with aluminium foil, and then sealed in a plastic bag to firstly exclude light and 
secondly to prevent moisture loss after resting.  The thickness of the sheet was reduced 
stepwise by passing between the rollers of the noodle machine before cutting into 
strands.  Fresh noodles strands were placed in a steamer and steamed over vigorously 
boiling water for 2 min. Then they were removed from the steamer and placed onto dry 
paper towel for 30 s.  The noodles from the steaming step were then immediately placed 
into a wire basket and deep fried in palm oil for 45 s. The temperature of the oil was 
carefully checked and noodles were only placed into the oil once it had attained 150 °C.  
The fried noodles were removed from the oil using the wire basket and allowed to drain 
for 30 s.  The noodles were transferred to absorbent paper and allowed to cool in the air 
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flow created by a fume cupboard for 20 min prior to placing into a sealed bag or 
container for storage and subsequent analysis. 
 
7.4 Fortification of instant Asian noodles with unencapsulated FA, untreated 
and calcium treated FA microcapsules 
Unencapsulated FA was incorporated into the formulation at a level of 50 mg FA per 
100 g fresh flour.  The vitamin was dissolved in the salt solution and added during the 
early stage of mixing.  Non calcium treated and calcium treated capsules were fortified 
between 7.0 mg to 20 mg FA per 300 g fresh flour.  The encapsulated vitamin was first 
mixed into the flour in the dry form.  This was carried out using the Kenwood mixer 
(Table 7.2) for a period of 2 min prior to the addition of the salt solution. 
 
7.5 Preparation of FA standards and samples for CE and RP-HPLC analysis 
 
7.5.1 Preparation of standard solutions and establishment of the external 
analytical curve for CE 
FA and NA (internal standard) were separately dissolved in the running buffer to make 
individual FA and NA stock solutions with concentration of 300 mg/L.  The stock 
solution of FA also contained 0.1% of L-ascorbic acid (L-AA).  The FA solution was 
further diluted with running buffer and 2.00 mL of the NA stock solution (giving a 
constant IS concentration of 60 mg/L) to produce solutions of FA concentrations 10, 20, 
30, 40 and 50 mg/L.  Calibration curves were then constructed (y = 0.015x; y, area ratio 
of FA to NA; x, FA concentration mg/L, R² = 0.996; y = 0.0102x, intercept 0; y, area 
ratio of FA to NA; x, FA concentration mg/L, R² = 0.9993). 
 
7.5.2 Preparation of internal standard addition calibration curve samples for CE 
analysis 
The working standards, normally made to the mark in run buffer and used as in external 
standard calibration curve preparation, are instead prepared using the sample extract for 
preparation of the internal calibration curve.  Thus, to prepare the internal calibration 
curve typically, 0.5 g of unfortified dough crumb sample is homogenised for 1 h in 10 
mL running buffer, which consists of a known volume of the internal standard and 
variable volumes of FA stock solution.  The mixture is then adjusted to pH 9.5 and 
centrifuged for 20 min at 4,000 rpm (2,100 × g).  The supernatant is removed, filtered 
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and analysed as per Section 7.10.  The same extraction process is applied to a fortified 
sample with the exclusion of the FA standard stock solution (extracted with buffer and 
internal standard).  Details of the internal calibration curve standards are given in Table 
9.3. The calibration curve is then applied to the four analysed samples, given that the 
unfortified and fortified samples are prepared on the same day of manufacturing. 
 
7.5.3 Preparation of standard addition samples for CE analysis 
A calculated volume of both standard stock solutions were directly added to a known 
volume of sample extract and subsequently made to the mark with run buffer.  Details 
of the standard addition formulation are given in Table 9.1.  It should be noted that 
standard addition was applied to the four stages of processing at each concentration of 
FA, producing a total of 16 samples to be analysed. 
 
7.5.4 Preparation of internal standard addition calibration curve samples with 
sample stacking for CE analysis 
For sample stacking, each standard is prepared, and then trialed in order to construct the 
calibration curve, and subsequently used to analyse samples.  The unfortified and 
fortified samples are prepared on the same day as they were manufactured.  Briefly, 0.2 
mL of each standard was diluted to 10.0 mL with Milli-Q water in order to prepare 
working FA standards of 0.3, 0.4, 0.6, 0.8 and 1.0 mg/L.  It should be noted that an 
internal standard addition corrected calibration curve was used for CE analysis instead 
of an external calibration curve for calculations. 
 
7.5.5 Preparation of RP-HPLC standards 
The FA stock solution for RP-HPLC was prepared by dissolving FA in 0.1 M of di-
potassium hydrogen orthophosphate (pH 8.2-8.5) buffer with 0.1% (m/v) of L-AA to a 
concentration of 200 mg/L.  Working FA standard solutions were prepared by diluting the 
stock solution with phosphate buffer to concentrations within the following ranges for the 
specified stage of analysis range of analysis.  Each calibration curve was constructed with 
intercept 0; y, area of FA; x, FA concentration mg/L: (y = 52.68x, intercept 0; y, area of 
FA; x, FA concentration mg/L, R² = 0.995).  Details of the analytical curves for FA 
analysis in microcapsules and instant fried Asian noodles are provided in Table 7.3. 
 
 
Chapter 7 
63 
 
7.6 Preparation of enzyme solutions 
Each of the enzyme solutions was prepared freshly on the day of use.  Protease solution 
was prepared by diluting 5 mL of a 50 mg/mL solution with equal amounts of water to 
achieve a final concentration of 25 mg/mL.  The α-amylase solution was prepared by 
suspending 1.25 g α-amylase in 50 mL of distilled water (25 mg/mL), which was then 
stirred gently with a magnetic stirrer for 5 min and centrifuged at 3,000 rpm (1,200 × g) 
for 10 min. The supernatant was covered with Parafilm prior to use. 
 
7.7 Incubation conditions for enzymatic extraction of FA with protease or α-
amylase 
Samples to be treated with the protease solution were incubated for 4 h at 37 °C whilst 
samples subjected to α-amylase treatment required a 1 h incubation period at 65 °C. 
 
7.8 Extraction of FA from fortified instant noodle samples 
The following extraction procedure was applied to the 4 main stages of processing with 
variations occurring only in the enzyme solution employed and their corresponding 
incubation conditions.  The overall approach in preparation of sample extracts involved 
homogenisation of 0.5-2.0 g of sample with 10.0-40.0 mL of running buffer for CE or 
100-200 mL of 0.1 M phosphate buffer containing 0.1% of L-cysteine for HPLC using 
the Ultra-Turrax homogeniser for 3-5 min depending on the sample type.  The extract 
was then mixed with a magnetic stirrer for 1 hr at ambient temperature.  Both extraction 
buffers contained 0.1% of L-cysteine.  Using a calibrated pH meter, the resultant 
mixture was adjusted to pH 7.0 with 2 M HCl prior to the addition of the enzyme 
solution and incubation in a water bath.  For every gram of sample used, 1.0 mL of 
enzyme solution was added.  After the period of incubation, samples were boiled at 100 
°C for 5 min.  Samples were then cooled to room temperature and adjusted to pH 8.5 
and 9.5 for RP-HPLC and CE, respectively using 2 M NaOH.  Samples were subjected 
to centrifugation for 20 min at 4,000 rpm (2,100 × g) with the supernatant removed and 
filtered using a 0.45 µm polytetrafluoroethylene (PTFE) syringe filter (Biolab, AUS) 
before analysis. 
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7.9 Preparation of CE running buffer 
The running buffer for capillary zone electrophoresis (CZE) was prepared by dissolving 
di-potassium hydrogen orthophosphate and sodium tetraborate in 5% (v/v) MeOH/water 
and Milli-Q water both at concentrations of 8 mM and 12 mM, respectively.  The buffer 
solutions were then adjusted to a pH of 9.5 using 1 M NaOH.  Solutions were stored in 
the refrigerator at 4°C. 
 
7.10 CE apparatus and electrophoretic conditions 
Two CE systems were used throughout this project.  The first CE system is an Applied 
Biosystems 270A-HT CE system (Perkin, Elmer, USA).  The ABI instrument is an 
enclosed CE unit with a UV-VIS detector and temperature control.  Electrokinetic or 
hydrodynamic (vacuum) injections can be performed using this CE instrument; the 
hydrodynamic injection is limited to only 5 " or 20 " Hg with time interval in units of 
0.1 min.  For the ABI CE, data was obtained by Shimadzu Class LC-10 (Shimadzu 
Oceania, Sydney, Australia) data acquisition software version 1.41.  Data was converted 
from the Class LC-10 software into Microsoft Excel for Windows as text files and then 
imported to Origin 4.1 Graphics Program (Version 4.0, Microcal Software Inc., North 
Hampton, MA, USA).  The other CE system used was an Agilent HP 3D CE system 
(Aglient, USA) equipped with a diode array detector (DAD).  Data was acquired by the 
Chemstation software and then exported from Chemstation software into .csv text files.  
The csv files were opened in Origin 6.0 or in Microsoft Excel and then imported into 
Origin 6.0, to create stacked or single layered electropherograms.  The response scale of 
the data was expressed in mAU. 
 
For both systems, separations were performed using uncoated fused-silica capillaries 
with an inner diameter of 75 µm and a total length of 72 cm (50 cm effective length) 
(Agilent Technologies, USA).  Capillary columns were prepared by cutting the 
appropriate length of uncoated fused silica capillary followed by removal of the 
polyamide coating at the window position. This was done by burning off a part of the 
capillary using a gas flame at an appropriate distance from the outlet end of the capillary 
coating in order to create a detection window. A capillary window of 0.5 cm was 
created to produce a transparent light path to match the slit on the detector of the CE. 
The outside of the capillary was then wiped with ethanol to clean it and to remove 
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residual burnt polyamide coating. Once polyimide coating was removed, care was taken 
with handling due to the brittleness of the capillary column. 
 
The capillary was preconditioned prior to separation by flushing under vacuum 
conditions (~ 20 " Hg) for 20 min with 1 M NaOH and 30 min with Milli-Q water 
before the first run and subsequently for 3 min with 0.1 M NaOH and 5 min with the 
run buffer prior to each subsequent run.  Samples and standards were diluted using the 
running buffer composed of di-potassium hydrogen orthophosphate and sodium 
tetraborate in 5% (v/v) MeOH/water and Milli-Q water both at concentrations of 8 mM 
and 12 mM, respectively.  Buffer solutions were adjusted to a pH of 9.5 using 1 M NaOH 
and stored in the refrigerator at 4 °C.  Sample introduction was performed by 
electrokinetic injection at 5 kV for 0.2 min with the following standard separation 
conditions: voltage at 28 kV (positive polarity), capillary temperature 30 °C and 
detector wavelength at 214 nm to compromise for both NA and FA.  At the end of the 
day, a final 10 min washing with Milli-Q water followed by 2 min with air was 
performed.  All standards, sample solutions, the carrier electrolyte buffer and NaOH 
solution were filtered through 0.45 µm PTFE syringe filters (Labquip Tech, Australia) 
prior to use. 
 
7.11 HPLC apparatus and electrophoretic conditions 
All HPLC experiments were carried out on a HP series 1100 system equipped with a 
degasser, quaternary pump, column comp, ALS, DAD and an injection valve with a 20 
µL sample loop.  Separations were performed on a HPLC LiChroCART® 
LiChrospher® RP-18 column (125 mm x 4 mm, 5 µm particle size) (Merck Pty Ltd, 
Australia).  Isocratic elution was performed with a mobile phase consisting of either 
27% MeOH (v/v) in aqueous potassium phosphate buffer (3.5 mM KH2PO4 and 3.2 mM 
K2HPO4), pH 8.5, and containing 5 mM tetrabutylammonium dihydrogen phosphate as 
an ion-pairing agent or of acetic acid (glacial) ((1% v/v) in Milli-Q water) and mobile 
phase B (ACN) (90:10).  The flow rate was 1 mL/min and a temperature of 25 °C was 
maintained throughout the analyses with detection performed at 280-282 nm.  Peak 
identification was based on the retention time, spiking and comparison with that of the 
standard compounds.  Chromatograms were recorded, and peak areas quantified using 
Chemstation software. 
Chapter 7 
66 
 
7.12 Determination of moisture content 
The moisture contents of samples (dough, sheeted and cut noodles, steamed noodles, 
fried noodles, boiled noodles and microcapsules) were measured following the air oven 
method (AOAC 2000; RACI 1995; AACC 2002; Hunt and Pixton 1954). For each 
sample analyses were carried out in triplicate. It is noted that samples were not ground 
prior to analysis. Empty aluminum moisture dishes with lids were first placed into a pre-
heated oven set at 130 ± 3 °C. After 1 h, the empty dishes were taken from the oven and 
cooled in a desiccator containing active silica gel desiccant for a period of 20 min and 
then weighed. Sub-samples (approximately 2.0 g) were accurately weighed into the pre-
weighed dishes. Then the covered dishes containing the samples were placed into the 
oven with the lids placed under the respective dishes and dried at 130 ± 3 °C. The 
process of drying, cooling and weighing was repeated after 1 h until a constant weight 
was attained. The loss in weight was used to calculate the moisture content of the 
samples using the following equation: 
 
Details of the moisture content calculations are provided in the Appendices. 
 
7.13 Structural assessment of microcapsules and fortified instant noodles in the 
laboratory 
The surface structure of microcapsules and fortified instant fried noodles with FA 
microcapsules were examined using the ESEM.  Samples were fixed to an aluminum 
stub with colloidal carbon and subsequently transferred to a stage in the microscope.  
High vacuum mode (30 kV) was applied to samples at 23 °C, with 0.5 Torr pressure and 
3.0-5.0 spot size. 
 
Loss in weight of dish, lid and sample upon drying 
Moisture content = (%) 
Initial weight of sample 
× 100 
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7.14 Boiling of instant fried noodles  
Samples were cooked using procedures based on those described by (Bui et al., 2007d).  
Briefly, noodle samples were cooked by placing a small amount of noodles 
(approximately 15-45 g) into a saucepan of gently boiling water (500-1000 mL). After 
every minute, a strand of noodle was removed, immediately placed into water which 
was at ambient temperature. The strand was then squeezed between two microscope 
slides. Noodles were considered to be fully cooked at the point where the uncooked core 
had just disappeared, that is a uniform colour and appearance was observed upon 
squeezing. The optimum cooking time of laboratory products varied depending upon the 
cross-sectional sizes and also the fortificant used in the noodle. 
 
7.15 Procedures and calculations applied generally in the analysis of vitamins 
Due to the potential sensitivity of the vitamin to light, all procedures were performed in 
the absence of direct light. In addition, samples and sample extracts were covered with 
aluminium foil to exclude light and brown glassware was used wherever possible. 
Except where otherwise indicated, all steps in analytical methods were performed 
without delay. 
 
7.16 Procedures used in the validation of vitamin analysis methods 
In all cases, a variety of approaches were used to ensure the validity of the methods and 
the resulting analytical data.  During the development and establishment of methods the 
initial approach was to measure standard solutions of either individual vitamins or 
mixtures of these. Secondly, the procedure involved recovery studies in which noodle 
samples were spiked with appropriate amounts of the standard vitamin compound prior 
to extraction.  
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Recoveries were calculated as follows: 
(vitamin in spiked sample-vitamin in unspiked sample) Recovery  
(percent) = 
vitamin added in spiked sample 
× 100 
 
7.17 Dry weight basis calculations 
The results obtained for contents of the vitamins in the microcapsules and noodle 
samples were routinely adjusted by calculation to a dry weight basis. The purpose was 
to facilitate the direct comparison of the results particularly for different sample types. 
All samples analysed for vitamins were also tested for moisture content. The following 
general equation was applied: 
 
100-constant moisture figure vitamin content 
(adjusted to a constant 
moisture basis) 
= 
vitamin content 
(as is basis) × 100-actual moisture of sample 
 
In all cases the data were recalculated to a dry weight basis (where the constant 
moisture figure is zero) so the equation was used in the form: 
 
100 
vitamin content 
(adjusted to a dry basis) = 
vitamin content 
(as is basis) × 100-actual moisture of sample 
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7.18 Duplication and presentation of analytical results for vitamin content 
In the analysis of samples for vitamin content, at least duplicate sub-samples of each 
sample was extracted on different days.  In addition, multiple analyses were performed 
on each extract obtained.  The results of replicate analyses of each sample have been 
calculated and presented as mean values with details of the SD.  These calculations 
were carried out using Microsoft Excel 2000 software.  In the evaluation of results 
obtained when reference materials were repeatedly analysed, the relative standard 
deviation of a series of values was also calculated using the following formula: 
 
standard deviation Relative standard deviation 
(percent) = 
mean value 
× 100 
 
7.19 Calculation of results for vitamin content using HPLC 
The vitamin content of the noodle and microcapsule samples was calculated using the 
external standards, unless otherwise specified. At the start of a series of RP-HPLC 
measurements, at least replicate analyses of the standard test solutions were performed 
and the average peak areas were calculated. These were then compared with those of the 
sample test peak areas. For this comparison, the weighed portion, the amount of aliquot 
used, the volume of solution needed for pH adjustment and the dilutions were taken into 
account.  Using a spreadsheet prepared in Microsoft Excel, the average peak areas 
obtained for the individual standards at different concentration were entered and 
calculations performed as follows: 
 
7.20 Preparation of analytical curve 
Firstly, the peak areas of individual standard was used directly and plotted using the 
scatter option in the software with concentration of individual vitamin (mg/L) on the x 
axis and the corresponding peak areas on the y axis. A linear regression equation of the 
form [y = mx + c] typically gave the best statistical fit and the equation as well as the R2 
value were recorded. The latter value was then considered and the analyses were 
repeated if the value was lower than 0.99. 
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7.21 Calculation of vitamin content 
The average peak areas for each sample tested were then used in the calculation of 
vitamin concentrations of the sample solutions using the linear equations. The 
appropriate dilution factor was applied and allowance made for the original sample 
weight to express the result per 100 g of sample. The following equation was used to 
calculate the experimental value: 
 
T × 10-6 × D × 1000 × 100 Vitamin content 
(mg/100g)  = Sw  
 
Where 
T = The concentration of vitamin calculated using the regression equation for 
the standard curve (expressed in mg/L) 
D = 
dilution factor (volume of extraction buffer used, vol of α-amylase and 
volume of pH adjusting solution (both 2 M NaOH and 2 M HCl) 
Sw = amount of sample originally weighed (expressed in g) 
1000* = conversion factor so that result is expressed in units of mg of individual 
vitamin 
10-6 = conversion factor so that concentration is expressed per mL of extract 
100 = conversion factor so that result is expressed per 100 g of sample 
 
After determination of individual vitamin contents, the data were expressed on a dry 
weight basis, following the calculation described in Section 7.17. 
 
To calculate the expected FA content the following equation was used: 
 
T × 100 Vitamin content 
(mg/100g)  = (At × 100) /  Bt 
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Where 
T = The concentration of vitamin calculated using the mass of FA used for 
fortification and total weight of noodle formulation (expressed in mg/100 
g) 
At = 
Weight of sample after physical treatment (either steaming, frying or 
boiling) (expressed in g) 
Bt = Weight of sample before physical treatment (either steaming, frying or 
boiling) (expressed in g) 
100 = conversion factor so that result is expressed per 100 g of sample 
 
It should be noted that when calculating the vitamin content during mixing the values of 
At and Bt will be zero as no physical treatment is applied, which will affect the final 
weight of the noodle sample.  After adjustment of the expected individual vitamin 
contents, the data were expressed on a dry weight basis, following the calculation 
described in Section 7.17.  This experimental value was then divided by the expected 
vitamin content, which was then multiplied by 100 and expressed as the % recovery of 
the vitamin. 
 
7.22 Microencapsulation of FA 
Typically, 0.4-6.0% of binding agent was combined with a known amount of rice starch 
(RS) (75-100 g) and dissolved in distilled water.  The polysaccharides were solubilised 
in 500-700 mL distilled water at 45 °C and kept under constant stirring prior to 
adjusting the pH to 8.0 using 0.1 M NaOH.  The solution was continuously agitated 
until the temperature reached 30 °C.  A specific amount of FA (0.1-0.5 g) was then 
added into the polysaccharide solution and adjusted to pH 8.0 using 0.1 M NaOH.  
Microcapsules were then prepared by spray drying the solution using a Niro atomiser 
(Niro, Denmark) under slow agitation at an air flow rate of 7 mL/min, entrance and exit 
air temperatures of 120 °C and 90-95 °C, respectively, and an air pressure of 5 kg/cm2.  
The microcapsules were immediately stored in a glass jar at room temperature in a cool 
and dark space. 
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7.23 Calcium treatment and washing of FA microcapsules 
Microcapsules were suspended in 25.0 mL of 1 M CaCl2 solution for a specified time 
(1, 2, 3, 24 h) at ambient temperature.  After hardening, calcium coated capsules were 
vacuum filtered through a sintered glass filter disc (Corning Ltd, England) with a pore 
size of 17-40 µm, porosity grade 3.  Capsules were then rinsed with 50 mL ethanol 
followed by 50 mL acetone prior to drying at 40 °C for 1 h and storage in aluminum 
covered glass vials at ambient temperature. 
 
7.24 Extraction of FA from untreated and calcium treated microcapsules 
For non calcium treated capsules approximately 0.1 g of microcapsules was dissolved in 
10-100 mL of 0.1 M phosphate buffer.  The mixture was then homogenised using a 
magnetic stirrer for 1-2 hr at ambient temperature prior to filtration using a 0.45 µm 
(PTFE) syringe filter (Biolab, AUS) before RP-HPLC analysis.  With respect to the 
calcium treated microcapsules 0.2 g of microcapsules were homogenised with either 10 
mL of 0.1 M HCl (pH 1.2) or 0.1 M phosphate buffer 0.1% of L-cysteine (pH 8.2) for 0, 
2, 4 and 6 h.  Samples were then subjected to centrifugation for 20 min at 4,000 rpm 
(2,100 × g) prior to filtration and analysis. 
 
7.25 Statistical analysis 
Where specified, Minitab (Minitab Inc, USA) version 14, was used to develop a central 
composite design for the optimisation of the pH of the running buffer, the voltage and 
temperature for CE whilst a two level factorial was also employed for the optimisation 
of the buffer composition.  3-Dimensional contour surface plots were created using 
Statistica (Statsoft Inc, USA). 
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Table 7.3 Analytical curves for FA analysis in microcapsules and instant fried Asian noodles 
 
Area* tr* 
Stage of analysis Concentration 
range (mg/L) SD 
range 
RSD 
range (%) Average tr SD RSD 
Linearity Regression 
equation 
Unencapsulated FA in boiled noodles and 
noodle water using gradient elution 
0.045 - 1.0 0.06 - 
1.07 
2.11 - 3.93 8.940 0.002 - 0.003 0.02 - 0.03 0.999 y = 45.49x 
Unencapsulated FA in boiled noodles and 
noodle water using isocratic elution 
0.045 - 1.2 0 - 0.10 0 - 4.76 4.492 0.00 - 0.01 0.06 - 0.16 0.999 y = 43.625x 
FA in  Microcapsules 2.0 - 10.0 0.06 - 
0.31 
0.04 - 0.15 4.489 0.003 - 0.01 0.07 - 0.17 0.9999 y = 49.141x 
Distribution of untreated FA 
microcapsules during mixing 
0.025 - 0.1 0 - 0.06 0 - 5.41 4.491 0.004 - 0.01 0.08 - 0.19 0.9942 y = 40.726x 
Untreated FA microcapsules in boiled 
noodles and noodle water 
0.025 - 1.5 0 - 0.12 0 - 5.41 4.473 0.004 - 0.03 0.09 - 0.74 0.998 y = 48.693x 
FA in calcium treated microcapsules 10.0 - 200.0 0.21 - 
3.20 
0.03 - 0.05 4.483 0.001 - 0.009 0.01 - 0.19 0.999 y = 48.457x 
Calcium treated FA microcapsules in 
boiled noodles and noodle water 
0.05 - 2.0 0.06 - 
0.15 
0.08 - 2.33 4.488 0.004 - 0.02 0.10 - 0.52 0.9977 y = 49.337x 
  
Notes 1 *Average of 3 determinations between runs 
 2 tr - retention time in RP-HPLC 
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Chapter 8 - Results and discussion: Preliminary 
experimentation and development of optimised CE method 
The purpose of this chapter is to describe and discuss the preliminary results obtained 
during the optimisation of the analytical conditions of CE for the determination of 
unencapsulated FA in instant fried Asian noodles. 
 
8.1 Introduction 
Traditionally, the optimisation of any separation technique has been performed by 
systematically varying one variable whilst maintaining all other remaining factors 
constant.  This approach however can often be strategically impractical as it is laborious 
and time consuming.  Additionally, by using a ‘one factor at a time approach’ it does 
not take into consideration the interaction between factors, that is, does a synergistic 
effect exist between two or more variables when determining the optimal conditions for 
separation.  In order to efficiently and effectively assess these components a systematic 
method to obtain optimum separations is required.  These sets of experiments are 
collectively referred to as experimental designs whereby the response from each 
experiment is used to obtain a regression model from which the optimum can be 
predicted.  Experimental designs are setup in such a way that maximum information is 
obtained from a minimum number of experiments (Morgan, 1991).  Several 
experimental designs currently exist for this purpose including factorial (deOliveira, 
Micke, Bruns & Tavares, 2001), Plackett-Burman (Mikaeli, Thorsen & Karlberg, 2001) 
and Central Composite (Beijersten & Westerlund, 1995). 
 
In experimental designs, variables are coded with values of “+1” and “-1” given to 
“high” and “low” levels respectively in the variable range.  The centre points in 
experimental design are represented by “0”.  This gives equal weight to all variables in 
the regression equation and removes bias, which may arise due to differences in 
magnitude of variables.  Centre point replicates are used to estimate reproducibility of 
the method and are also included to check whether the response surface has curvature 
(Groupy, 2005). 
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Preliminary stages of optimisation often involve the use of a two-level factorial design 
with one or several centre points, as shown in Figure 8.1.  Such designs can facilitate 
the establishment of the main effects as well as the interactions between factors but 
cannot determine the second order curvature effects.  The factorial design can be 
extended by adding axial points to create a central composite design (CCD).  The 
experimental design can determine the main effects, the interactions between factors 
and the second order effects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.1 Two level factorial design for three factors.  The levels -1, 0 and 1 are 
the coded levels for the low, centre and high values, respectively.  Each 
vertex of the cube represents one set of experimental values.  The point (0, 
0, 0) is the centre point.  
(-1, -1, -1) 
(1, -1, -1) 
(1, 1, -1) 
(1, 1, 1) (-1, -1, -1) 
(-1, -1, 1) 
Factor C 
Factor B 
Factor A 
(-1, 1, -1) 
(1, -1, 1) 
(0, 0, 0) 
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A CCD consists of a two-level factorial design with centre points and a star design 
forming a five level design where each factor are converted to the coded values -α, -1, 
0, +1, +α.  Coding enables factors with different units to be compared on a more equal 
basis.  The cube is the factorial component of the design while the other points forming 
a star are the axial points.  The corners of the cube and the axial points each represent 
one experimental run.  The distance of the axial points, α, varies depending on the 
number of factors, k, to be optimised.  α Can be determined using the equation 4 2 k  and 
if the design is rotatable, then there is a uniform distribution of information.  For two or 
three factor designs to ensure rotatability α is equal to 1.414 and 1.682, respectively. 
 
A multi-variate design such as CCD offers information on the relationship between the 
factors and the response.  A three-dimensional response surface is typically created 
from the response surface designs, providing a visual representation of the effects of 
two factors on the response.  The response surface design is a polynomial model where 
the “surface” is represented mathematically.  These plots can supply a graphical 
illustration of the data over the ranges observed and can be used to forecast areas of 
most favorable performance.  From the experimental models the conditions for an 
optimum separation can then be found. 
 
A common variation of the CCD used is the face-centered CCD as shown in (Figure 
8.2).  In this design α is set as 1.  This means the design is not rotatable and the high 
and low levels for axial and cube points are the same.  The CCD, along with multi-
linear regression, can estimate the main effects, bi, two way interactions, bibj, and the 
second order effects, bi2.  Coefficients of the polynomial equation can be determined by 
regression analysis.  The polynomial equation communicates the response to the factors, 
forming the Empirical Model (Daali, Cherkaoui, Christen & Veuthey, 1999).  The 
polynomial equation can be used to assess the linear, quadratic and interactive effects of 
independent variables on the selected responses. 
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Y= bo + b1X1+…. + bnXn+ b12X1X2+ …bn-1, nXn-1Xn+ b11X12+ …+bnnXn2 .........Eqn 
Where: 
b0    : the intercept 
b1 to  bn : the main effect coefficients 
b12 to  bm, n : the two way interaction coefficients 
b11  to bnn : the second order coefficient 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In CE, factors influencing the migration time of solutes include voltage, temperature 
and pH.  The extent to which these factors affect the migration time and response varies 
with each component.  Thus, in this study two face-centred experimental designs are 
employed (a) for the optimisation of voltage, temperature and pH and (b) for the 
optimisation of the running buffer.  In each case the response variable is the area ratio of 
FA to NA.  Minitab for Windows version 14 (Minitab Inc., State College, PA, USA) 
was used to generate and analyse the experimental designs. 
 
Fig. 8.2 Face centred CCD for three factors  
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(0, -α, 0) 
(0, 0, - α) 
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(1, -1, 1) 
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8.2 Optimisation of voltage, temperature and pH 
Prior to optimising the operating conditions, various variables including detection 
wavelength, use of an internal standard (IS), and injection type, were considered.  
Originally, a wavelength of 275 nm was chosen as this is close to the maximum 
absorption for FA.  To improve precision, minimise injection fluctuations, dilution 
errors and errors during sample treatment, nicotinic acid (NA) was employed as an IS.  
However, as this exhibited minimal absorbance at the selected wavelength, an 
alternative was required.  As a result, a wavelength of 214 nm was found to be 
sufficiently selective for both vitamins.  Spectra scans for FA and NA are presented in 
Figure 8.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to determine the optimum response of FA in a phosphate-borate buffer system a 
3-level face centred CCD (α=1) was carried out for three factors; voltage (26-30 kV), 
temperature (25-35 °C) and pH (9.0-10.0).  The ranges for the three factors were chosen 
based upon previous studies (Aurora-Prado et al., 2004), (Gomis et al., 1999) and 
(Flores, Peñalvo, Mansilla & Gómez, 2005).  The experimental design produced a total 
of 18 experimental combinations, all of which were performed in triplicate and 
Fig. 8.3 UV Spectophotometric scans of FA and NA  
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evaluated with respect to the ratio of the area of FA to that of the IS.  The runs were 
carried out in a random order and completed within the day.  The levels of the 
significant factors used in the face centred design of FA optimisation are shown in 
Table 8.1 while the details of the experimental runs are detailed in Table 8.2. 
 
Table 8.1 Levels of the significant factors used in the face centred 
CCD of FA optimisation 
 
Actual value Coded value 
pH Voltage (kV) Temperature (°C) 
-1 9 26 25 
0 9.5 28 30 
+1 10 30 35 
 
 
The results obtained during the optimisation studies are shown in Figures 8.4 and 8.5.  
Interpretation of the contour plots showed that generally, pH exhibited the most 
significant effect with respect to the area of the peak.  As seen in Figure 8.5 a pH of 
about 9.5 produced a maximum peak area relative to the IS while temperature did not 
show a major influence.  Statistical output for the interactions between pH, temperature 
and voltage on the area response of FA are provided in Table 8.3 using coded units.  It 
should be noted that the statistcal analysis of the raw data was performed excluding runs 
16 and 12.  This was done primarily to increase the correlation co-efficient from 89.4% 
to 99.3%.  Even if the runs were included in the statistical analysis, the conclusion 
would remain unchanged.  Details of the minitab output worksheet are given in the 
Appendices. 
 
The statistcal values presented in Table 8.3 provide an indication of the significance of 
each factor.  From the output it can be seen that pH and kV are the two significant 
contributing factors to the area response of FA.  Although the level of voltage applied 
showed statistical significance to the area response of FA relative to NA, the higher 
value of +30 kVwas used in all experiments.  This was due to the fact that using an 
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increased voltage caused FA and NA to elute faster thereby reducing the overall 
analysis time. 
 
The pH of the running electrolyte has a significant impact on area response of FA 
relative to NA.  Based upon the pK values of FA (3.5 and 4.8) and the structure of the 
analyte, a basic buffer was used to promote ionisation (Zhao et al., 2006).  By 
employing a high pH buffer a reasonable electroosmotic flow (EOF) can be maintained 
in the migration direction (Desai et al., 2005).  To ensure a constant electrolyte pH at 
the optimised conditions the buffer was replenished by frequently changing the inlet and 
outlet electrolyte reservoirs after 6 analysis runs.  It was also found that rinsing of the 
capillary between runs using NaOH assisted in reconditioning of the inner surface to 
produce more consistent results and this was carried out routinely in the analysis of food 
samples. 
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Table 8.2 Face centred CCD for the optimisation of temperature, potential and pH 
 
Run 1 Run 2 Run 3 Ratio of Area (FA/NA) Std 
Order 
Run 
Order 
Pt 
Type Blocks °C kV pH (FA) (NA) (FA) (NA) (FA) (NA) Run 1 Run 2 Run 3 
Average 
Area SD 
RSD 
(%) 
16 1 -1 2 30 28 10 23483 43113 27741 40735 17026 25931 0.545 0.681 0.657 0.627 0.073 11.586 
6 14 1 1 35 26 10 21443 26986 20215 27343 20578 25418 0.795 0.739 0.810 0.781 0.037 4.738 
7 15 1 1 25 30 10 12994 26278 13990 17929 9757 16706 0.494 0.780 0.584 0.620 0.146 23.594 
5 16 1 1 25 26 10 19231 24691 18363 23599 17958 24127 0.779 0.778 0.744 0.767 0.020 2.573 
8 17 1 1 35 30 10 9543 14936 6308 10968 8255 11257 0.639 0.575 0.733 0.649 0.080 12.261 
12 2 -1 2 35 28 9.5 18804 22687 14031 18864 14320 18903 0.829 0.744 0.758 0.777 0.046 5.878 
18 4 0 2 30 28 9.5 23225 27231 25588 29135 25681 29794 0.853 0.878 0.862 0.864 0.013 1.487 
14 5 -1 2 30 30 9.5 15234 18466 13749 17725 13208 16941 0.825 0.776 0.780 0.793 0.027 3.452 
11 6 -1 2 25 28 9.5 20231 24680 21115 24094 19804 22801 0.820 0.876 0.869 0.855 0.031 3.590 
13 7 -1 2 30 26 9.5 25241 28973 28180 31521 23293 27424 0.871 0.894 0.849 0.872 0.022 2.561 
17 8 0 2 30 28 9.5 23225 27231 25588 29135 25681 29794 0.853 0.878 0.862 0.864 0.013 1.487 
9 11 0 1 30 28 9.5 21563 24788 20008 25869 26108 29930 0.870 0.773 0.872 0.839 0.056 6.726 
10 12 0 1 30 28 9.5 23225 27231 25588 29135 25681 29794 0.853 0.878 0.862 0.864 0.013 1.487 
15 3 -1 2 30 28 9 18722 24587 21033 25260 17983 23236 0.761 0.833 0.774 0.789 0.038 4.817 
4 9 1 1 35 30 9 13942 18509 21676 25764 12586 18269 0.753 0.841 0.689 0.761 0.077 10.051 
2 10 1 1 35 26 9 19636 24642 20712 26548 19368 26208 0.797 0.780 0.739 0.772 0.030 3.856 
3 13 1 1 25 30 9 14520 18834 11799 17120 9929 14991 0.771 0.689 0.662 0.707 0.057 7.996 
1 18 1 1 25 26 9 21290 28773 20286 25662 19840 25056 0.740 0.791 0.792 0.774 0.030 3.822 
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Fig. 8.4 Surface contour plot of experimental design result: pH vs. voltage 
(kV) 
Fig. 8.5 Surface contour plot of experimental design result: pH vs. 
temperature (°C) 
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Table 8.3 Statistical output for the interactions between pH, temperature and 
voltage 
 
Term Coefficient (coded form) P value* 
Constant 0.857484 0.000 
Block -0.005602 0.202 
Temperature 0.012005 0.026 
kV -0.043506 0.000 
pH -0.024613 0.001 
Temperature*temperature 0.004657 0.642 
kV*kV -0.030180 0.011 
pH*pH -0.097496 0.000 
Temperature*kV 0.008901 0.069 
Temperature*pH -0.001003 0.805 
kV*pH -0.025262 0.001 
 
Notes * P is the measure of statistical significance of the parameters; p<0.05 means the 
parameter is statistically significant at 95% level 
 
 
8.3 Effect of varying concentrations of buffer species on quantification of FA 
Using conditions established in Section 8.2, the composition of the buffer was 
investigated using a face centred CCD whereby concentrations of phosphate and borate 
were varied (8-12 mM and 8-12 mM, respectively).  These were again selected on the 
basis of previous reports (Aurora-Prado et al., 2004), (Gomis et al., 1999) and (Flores et 
al., 2005).  The face centred CCD consisted of 8 cube points with 2 centre points in 
cube, 6 axial points and 2 centre points in axial.  Peaks were quantified against the IS 
based on the calculation of relative area ratios as this corrected for analyte losses during 
sample clean-up and compensated for the difficulty of obtaining reproducible 
introduction volumes.  Details of the levels of the buffer species used in the face centred 
design of FA optimisation are shown in Table 8.4. 
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Table 8.4 Levels of the buffer species used in the face centred CCD of FA 
optimisation 
 
Actual value Coded value 
[Phosphate] [Borate] 
-1 8 8 
0 10 10 
+1 12 12 
 
 
A running buffer consisting of 8 mM phosphate and 12 mM borate, used in combination 
with the conditions optimised above, resulted in the highest area response of FA relative 
to the IS using the specified capillary electrophoretic system (Table 8.5).  The surface 
contour plot generated with Statistica show the averages of all runs at the high and low 
settings for that variable and the centre point average. They indicate how a variable 
affects the response with the most significant variables exhibiting the steepest slopes.  
Figure 8.6 illustrates that a low concentration of phosphate and a high concentration of 
borate shows the most distinct effect on the area ratio of FA to NA with the steepest 
point occurring at 8 mM phosphate and 12 mM borate. 
 
Statistcal calculations were based upon all experimental runs excluding standard run no. 
4 and produced a correlation coefficient of 97.4%.  Standard run no. 4 produced one of 
the lower area responses of FA and was considered an outlier.  If this run had been 
included in the calculation, the correlation coefficient would have decreased to 75.9%.  
Although the correlation coefficient would have been affected, the overall conclusion of 
the experimental design and the surface contour plot would have remained unchanged in 
that a running buffer consisting of 8 mM phosphate and 12 mM borate would still be 
regarded as the optimal condition.  Statistical output for the effect of buffer species is 
presented in Table 8.6. 
 
Previously the addition of MeOH has also been routinely used in methods for the 
analysis of folic acid by CE. The addition of 5% MeOH to the buffer was found to 
enhance the results when compared with those found when MeOH was not 
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incorporated. The primary benefit was an increase the sharpness of the peak obtained 
for FA.  Hence, the final optimised conditions for the analysis of FA were the use of a 
running buffer of 8 mM phosphate and 12 mM borate at pH 9.5 with 5% MeOH, along 
with operating conditions at +28 kV and 30 °C and detection at 214 nm. 
 
The limit of detection (LOD), was estimated as 5.3 mg/L using the International 
Standards Organisation (ISO) standard regression method (Huang & Morrison, 1988).  
However, based on a calculation using three times signal-to-noise level, the LOD was 
estimated to be 2.2 mg/L. 
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Table 8.5 Face centred CCD for the optimisation of phosphate and borate concentrations 
 
Run 1 Run 2 Run 3 Ratio of Area (FA/NA) 
Standard 
run no. 
[Phosphate] 
(mM) 
[Borate] 
(mM) (FA) (NA) (FA) (NA) (FA) (NA) Run 1 Run 2 Run 3 
Average 
Area SD 
RSD 
(%) 
1 8 8 29634 36757 31672 37735 29001 34758 0.806 0.839 0.834 0.827 0.018 2.161 
2 8 10 23995 27694 23927 28364 22750 28219 0.866 0.844 0.806 0.839 0.030 3.626 
3 8 12 27680 31227 26370 29814 27201 30842 0.886 0.884 0.882 0.884 0.002 0.253 
4 10 8 21948 26311 21442 26479 21715 26470 0.834 0.810 0.820 0.821 0.012 1.490 
5 10 10 25359 28987 23882 27664 23832 27643 0.875 0.863 0.862 0.867 0.007 0.811 
6 10 12 24375 28000 23122 27341 23310 26903 0.871 0.846 0.866 0.861 0.013 1.547 
7 12 8 26432 30446 26894 30458 26565 30202 0.868 0.883 0.880 0.877 0.008 0.886 
8 12 10 26362 30804 23444 28539 26342 31600 0.856 0.821 0.834 0.837 0.017 2.080 
9 12 12 24045 29519 24881 30830 22800 27946 0.815 0.807 0.816 0.812 0.005 0.586 
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Table 8.6 Regression analysis for the effects of phosphate and borate 
concentrations on FA area response 
 
Term Coefficient (coded form) P value* 
Constant 0.861287 0.000 
[Phosphate] -0.003883 0.339 
[Borate] -0.003061 0.490 
[Phosphate]*[Phosphate] -0.020708 0.089 
[Borate]*[Borate] 0.008132 0.291 
[Phosphate]*[Borate] -0.030517 0.015 
 
Notes * P is the measure of statistical significance of the parameters; p<0.05 means the 
parameter is statistically significant at 95% level 
 
Fig. 8.6 Surface contour plot of experimental design result: ratio of buffer 
species 
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In summary, the analysis of FA was achieved by CE following a series of optimisation 
studies.  The duration of optimisation study using experimental design was much 
shorter compared to a one-at-a-time optimisation technique.  The optimisation study 
took a few days to complete instead of months when individual parameters were 
optimised, with the latter approach arguably not as rigorous.  It is a cost-effective way 
of obtaining maximum amount of information in a short period of time with the least 
number of experiments.  Furthermore, the LOD of this procedure appeared to be 
suitable and therefore the next step involved was to apply this approach to samples of 
fortified noodles. 
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Chapter 9 - Results and discussion: Liberation of FA from 
instant noodles and correction of sample matrix interference 
by standard addition 
The purpose of this chapter is to describe and discuss the results obtained when 
evaluating the enzyme(s) required for the liberation of FA from instant noodles.  
Furthermore, the discussion will also focus on the need for correcting sample matrix 
interference by standard addition. 
 
9.1 Introduction 
Folates in foods are present in relatively low concentrations, and their determination 
may often require extensive extractive procedures.  Typically, samples are first ground 
and then homogenised in a suitable buffer system containing one or more reducing 
agents followed by heating and centrifugation.  Arcot and Shrestha (Arcot et al., 2005) 
summarised various temperatures that have been used to heat the homogenate and these 
include heating at 70 °C, 100 °C using a boiling water bath or autoclaving at either 100 
°C or 121 °C.  While it is well established that heating during the extraction procedure 
causes thermal denaturation of folate-binding proteins and enzymes that may catalyse 
folate degradation, it is has been stated that establishing particular heating conditions for 
extraction is difficult as the food matrix largely determines the release, and rate of folate 
destruction in food (Gregory, 1989; Keagy, 1985). 
 
Sample treatment also traditionally requires enzymatic extraction of folate.  
Considerable research has been reported on folate extraction using either the 
conventional single-enzyme technique with only conjugase or the tri-enzyme extraction 
technique.  Various investigators have reported that folate extraction using the tri-
enzyme technique ensures better extraction of folate that may be trapped in or bound to 
matrices of protein and carbohydrate compared to the conventional single-enzyme 
technique (Aiso et al., 1998; DeSouza & Eitenmiller, 1990; Pffeifer, Rogers & 
GregoryIII, 1997; Rader et al., 2000; Yon & Hyun, 2003)  The method involves the 
sequential treatment of food homogenates with α-amylase and protease in combination 
by the traditional folate conjugase (pteroylpoly-γ-glutamyl hydrolase) treatment 
following heat extraction (Johnston et al., 2002b).  Conjugase is used to hydrolyse the 
glutamyl peptides of folates to mono- or diglutamyl derivatives, whilst the use of 
Chapter 9 
90 
 
additional enzymes, proteolytic or amylolytic, has been shown to liberate folate from 
foods, thereby maximising the resultant analytical values for certain foods (Lim, 
Mackey, Tamura, Wong & Picciano, 1998; Tamura, 1998). 
 
9.2 Preliminary findings for FA recovery in instant noodles without enzymatic 
extraction 
Prior to employing an enzymatic treatment, preliminary results for folic acid content 
were obtained at four main stages of noodle processing using a simple method of 
extraction.  It is emphasised here that the instant noodles prepared using the previously 
published procedures were similar in appearance and characteristics both to those 
reported previously for noodles made under laboratory conditions (Bui & Small 2007d) 
and were also typical of the many commercial instant fried noodles available in the 
retail marketplace(Bui & Small 2007c). The procedure employed to determine the FA 
content in fortified instant noodles involved the homogenisation of the sample at each 
stage during processing, in a known amount of the running buffer used for CE analysis, 
for a period of 1 h.  The mixture was then directly centrifuged, filtered and analysed by 
CE and the data calculated using the analytical curve provided in Figure 9.1. 
 
Initially, it was believed that a simple extraction might be applied as the noodle matrix 
consists primarily of flour and water.  Using the dough crumbs from the early stages of 
processing, different extraction times were trialled between 30 and 240 min to assess the 
release of FA from the food matrix.  However the results proved to be confounding as 
the recovery of FA ranged from 89 to 95% but did not increase with respect to the 
duration of the extraction (Figure 9.2).  Based upon these results it was decided that a 1 
h extraction time would suffice as it differed by <1% from the highest recovery, which 
was observed at 2 h.  When the extraction time of 1 h was applied to subsamples at each 
major stage of processing, results repeatedly showed inconsistencies and inadequate 
recoveries between days with values ranging as low as 70% to as high as 86% (Figure 
9.3).  It is noted here that, in the presentation of folate recovery values for noodle 
samples taken at different stages of processing, values are expressed on a dry weight 
basis in order to facilitate direct comparisons of the values.  From the data obtained for 
the simple extraction procedure (Figure 9.3) it was therefore concluded that enzymatic 
treatment would probably be required to ensure maximal liberation of FA from the 
starch matrix. 
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Fig. 9.1 Analytical curve for effect of extraction time during processing of 
instant fried Asian noodles 
 
Note 1 Each point is an average of 3 determinations between runs 
Fig. 9.2 Effect of extraction time on recovery of FA in dough crumbs 
 Note 1 The extraction procedure was that without any enzyme treatment 
  2 Recoveries were adjusted to a dry weight basis 
  3 Each point is an average of 3 determinations between runs 
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9.3 Liberation of FA from instant noodles: Choice of enzymatic treatment for 
FA extraction  
Traditionally, for analysis of folate, preparation has been performed with either the 
conventional single-enzyme technique, with only conjugase or, alternatively, the tri-
enzyme extraction technique using α-amylase, protease and folate conjugase (Johnston 
et al., 2002b).  Conjugase has been used to hydrolyse the glutamyl peptides of folates to 
mono- or diglutamyl derivatives, whilst the use of additional enzymes (proteolytic or 
amylolytic) has been shown to liberate folate from foods, thereby maximising the folate 
activity (Lim et al., 1998).  However, it is now recognised that it may not always be 
necessary to perform all three enzyme treatments for every food item and that the 
conditions of the enzyme treatment may be different for each type of food. Therefore, 
the identification of the optimum pH and a suitable incubation time for each food must 
be carried out prior to folate analysis (Aiso et al., 1998; Arcot et al., 2005; Birktoft & 
Breddam, 1994). The importance of this approach was recently highlighted in a study of 
Asian noodles, specifically for WSN samples (Bui et al., 2007b; Crosbie et al., 2004).  
Fig. 9.3 Typical results for the recovery of FA from instant fried noodles 
without enzymatic treatment 
 
Note 1 Recoveries were adjusted to a dry weight basis 
 
 2 Each point is an average of 3 determinations between runs 
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In the context of the current study, the objective is to measure FA added as a fortificant.  
Since FA already exists in the monoglutamic form, conjugase was not needed.  
Accordingly, the use of protease and α-amylase was considered based upon the nature 
of the food matrix. 
 
9.4 Proteolytic extraction of FA in fortified instant noodles and the need for 
correcting sample matrix interference by standard addition  
Protease was initially selected as it was thought that it might help to release FA trapped 
within or bound to the protein matrix.  The incubation conditions for protease extraction 
were chosen based on literature data (Tamura, 1998), which stated that typically a 1-6 h 
incubation period at 37 °C and pH 4-7 was applied.  Although this suggested pH range 
was slightly acidic to neutral, a pH of 7 was selected here as FA is known to be 
susceptible to degradation in acidic conditions.  A pH of 7 was also used as it is within 
the range for the optimum activity of this particular enzyme.  Preliminary results using 
the proteolytic extraction for FA clearly showed that samples treated without enzyme 
exhibited lower levels of FA compared to those treated with protease. However, closer 
analysis of the results indicated that interferences between the sample matrix and FA 
may have occurred because recoveries typically were in excess of 120% found (Figure 
9.4).  It should be noted that all recoveries were calculated on a dry weight basis so to 
account for any differences that may occur due to the moisture content of each 
individual sample.  The high recovery values were consistently demonstrated at all four 
stages of processing when samples were prepared and analysed on different days.  Thus, 
in order to address these concerns, the standard addition method was investigated for 
analysis of FA at all stages of instant noodle manufacture, to correct the matrix effect of 
signal enhancement. 
 
Standard addition is used to ensure that the calibration standards are subjected to the 
same matrix effects as the sample constituents.  In this approach, the sample is analysed 
first in order to estimate the concentration of the solute of interest.  Several different, 
known concentrations of the solute of interest are then added to portions of the sample 
extract, to provide approximately incremental increases in detector response.  The 
principle of the method is that the extra signal produced by the addition of the standards 
is proportional to the original signal (Weston & Brown, 1997).  Hence, by adding the 
standard solution directly to the sample, the matrix effect would effectively show the 
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same behaviour for both the sample and the spiked solution.  To account for any 
calculation errors when extrapolating to zero concentration, a range for the standards 
was chosen (0-30 mg/L) and details of the standard addition formulations are shown in 
Table 9.1. 
 
Application of the proteolytic enzyme during extraction and the use of standard addition 
produced consistent recoveries of FA for each stage of processing.  When calculated to 
a dry weight basis, FA exhibited excellent stability and retention during processing 
except at the final stage of frying.  A typical electropherogram of protease extracted FA 
in fortified instant noodles is given in Figure 9.5.  With respect to the linearity and 
precision of standard addition with protease extraction, satisfactory correlation 
coefficients confirmed that the response of FA was linear over the concentration range 
studied (Table 9.2). 
 
One of the main concerns when constructing the standard addition calibration curve in 
this type of matrix was the consistency of the matrix interference across each stage of 
processing.  Hence, for each stage for unfortified instant noodles, a four point 
calibration curve was constructed in addition to the 4 fortified samples analysed.  The 
analytical curves of FA corrected for standard addition used to calculate the recovery of 
FA for all four major stages of processing are given in Figure 9.6.  Once each recovery 
was calculated using the corresponding matrix and adjusted to a dry moisture basis, the 
values were then compared.  The study demonstrated an important aspect of the 
findings; that any of the four matrices could be used for the construction of the standard 
addition analytical curve since the variations in the recoveries was insignificant, 
differing by approximately 3%.  All recoveries were within the range of 100 ± 2% 
(mixing, 101.1%; cutting, 98.0%; steaming, 97.9%), however in the final stage of 
processing (frying); the recovery was calculated to be 92%.  Although preliminary 
findings would suggest that FA is lost during this stage of processing, it was concluded 
that since the matrix is primarily starch based, FA was partially liberated with protease 
during the final heat treatment of frying.  Thus, in an attempt to further enhance the 
recovery, the experiments were carried out whereby protease was replaced with α-
amylase. 
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Table 9.1 Standard addition formulation for CE analysis 
 
[FA] 
(mg/L) 
v (sample 
extract) 
(mL) 
v (300 mg/L 
NA stock 
solution) 
(mL) 
v (300 mg/L 
FA stock 
solution) 
(mL) 
v (running 
buffer) 
(mL) 
Total 
volume 
(mL) 
0 6.0 2.0 0 2.00 10.0 
10 6.0 2.0 0.33 1.67 10.0 
20 6.0 2.0 0.67 1.33 10.0 
30 6.0 2.0 1.00 1.00 10.0 
Fig. 9.4 Recovery of FA in instant fried noodles without standard addition 
 
Note 1 Recoveries were adjusted to a dry weight basis 
 
 2 Each point is an average of 3 determinations between runs 
123.6 123.5 121.9
98.3
0
20
40
60
80
100
120
140
FA
 
R
ec
o
v
er
y 
(%
)
Mixing Sheeting and cutting Steaming Frying
Processing stage
Chapter 9 
96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.5 Electropherogram of protease extracted FA in fortified instant noodles 
using standard addition.  Separation was performed using a buffer 
consisting of 8 mM phosphate, 12 mM borate, 5% MeOH/water (v/v) 
(pH 9.5).  Voltage: 28 kV; Temperature: 30 °C; UV detection was 
performed at 214 nm. 
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Table 9.2 Statistical data for determination of FA in extracts of instant noodles 
in terms of corrected peak areas for standard addition 
 
Enzyme 
extraction 
Processing 
stage 
Intercept Equation R2 Linear range 
(mg/L) 
Mixing 9.11 0.0101x + 0.092 0.998 0.0-30.0 
Cutting 8.86 0.0104x + 0.0921 0.995 0.0-30.0 
Steaming 9.34 0.0097x + 0.0906 0.9981 0.0-30.0 
Protease 
Frying 9.10 0.0099x + 0.0901 0.9992 0.0-30.0 
Mixing 12.43 0.007x + 0.087 0.996 0.0-30.0 
Cutting 11.86 0.007x + 0.083 0.994 0.0-30.0 
Steaming 10.63 0.008x + 0.085 0.998 0.0-30.0 
α-Amylase 
Frying 12.25 0.008x + 0.098 0.987 0.0-30.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.6 Analytical curves of FA corrected for standard addition for each major 
stage of processing with protease extraction 
 
Note 1 Each point is an average of 3 determinations between runs 
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9.5 Increasing the efficiency of the extraction and FA recovery by using α-
amylase 
The conditions for amylolytic extraction of FA were based those reported in a previous 
study (Osseyi et al., 2001) in which α-amylase was incorporated into the extraction 
procedure and applied to the determination of stability of added FA as well as 
endogenous folates during bread making.  The novelty of the approach taken in the 
current study has been that a previously reported extraction and chromatographic 
analysis for folates (Osseyi et al., 1998) has been adapted and applied to the 
measurement of FA incorporated as a fortificant into selected starchy foods.  It is 
emphasised that the extraction method reported by Osseyi and co-workers utilises 
treatment with two enzymes along with solid phase extraction in order to extract a series 
of folate derivatives. 
 
In this phase of the current study, α-amylase was used without addition of protease.  
When subjected to amylolytic extraction, higher recoveries were obtained than when 
protease alone was used (mixing, 103.4%; cutting, 96.2%; steaming, 100.1%; frying, 
97.1%). This confirms the conclusion that protease did not fully extract FA from 
samples of the deep fried noodles.  It is also noted that by employing the amylase for a 1 
h incubation time at a higher temperature of 65 °C, the overall extraction procedure was 
reduced by 3 h when compared with that for protease incubation which requiried 4 h.  
Linearity and correlation coefficients of the curves were both satisfactory (Table 9.2) 
when correcting for sample matrix interference (Figure 9.7).  The results obtained 
without incubation with either protease or conjugase confirm the complete recovery of 
all the FA.  Furthermore, the use of only α-amylase is consistent with the objective of 
analysing the simplest form of the folate, increasingly used as a fortificant and not 
requiring deconjugation. 
 
The stability of FA in instant noodles in this study varies from that found previously 
(Bui et al., 2007d).  In that study, FA was also used as the form of folate used for 
fortification, however analysis by microbiological assay revealed that the forms of total 
and free folate measured were unstable during the same processing conditions.  
Although the findings here indicate adequate stability of the FA fortificant, it is noted 
that the form of folate measured, the extraction procedure employed, and the method of 
analysis were all different form those applied in the previous work.  In addition, several 
Chapter 9 
99 
 
studies have also recognised that FA in its simplest form has shown considerable 
stability during far more extensive heat treatments (Arcot et al., 2005; O'Broin, 
Temperley, Brown & Scott, 1975; Paine-Wilson & Chen, 1979).  In order to ensure 
effective release of FA from the matrix, enzyme treatment was carried out on the food 
homogenate before heat treatment and centrifugation (Tamura, Mizuno, Johnston & 
Jacobs, 1997).  Furthermore, given that the degree and rate of destruction are dependent 
on the pH of the medium, the folate derivative used, the buffer type employed and the 
food system, all these factors have been taken into account in order to increase the 
stability of FA in instant noodles.  For example, both the pH of the buffer and the 
noodle matrix are alkaline, at pH 8.0 and 9.5, respectively, which assists in stabilising 
FA in aqueous solution.  Under neutral to alkaline conditions, FA displays increased 
solubility and stability in solutions of alkali hydroxides and carbonates, as well as in a 
number of organic solvents (Budavari, 2001).  Furthermore, in aqueous solution FA has 
been shown to be stable at 100 °C for 10 h over a pH range of 5.0-12.0 when protected 
from light, but becomes increasingly unstable as the pH decreases below 5.0 (Arcot et 
al., 2005).  Moreover, phosphate has been considered the ‘buffer of choice’ for other 
routine folate assays as it has demonstrated enhanced stability towards FA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.7 Analytical curves of FA corrected for standard addition for each major 
stage of processing with α-amylase extraction 
 
Note 1 Each point is an average of 3 determinations between runs 
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9.6 Confirmation of standard addition method with α-amylase extraction by 
CE analysis and internal calibration curve: Effect of sample matrix interference 
and recovery of FA 
To confirm the findings from the standard addition method with α-amylase extraction, 
the same incubation conditions were applied to the samples, and analysed using the 
‘internal calibration method’ as described in Section 7.5.1.  The purpose of this method 
was not only to support the findings of standard addition but to also further increase the 
efficiency and simplicity of the extraction method.  As seen in Section 7.5.1, the internal 
calibration curve is typically prepared in unfortified dough crumbs as it is the simplest 
form of the noodle matrix produced during the various stages of processing.  The results 
showed that no significant differences between the analytical curves for the four stages 
of processing, which reinforced the findings observed with the standard addition 
technique.  Details of the formulation used to prepare the internal calibration curve 
standards are provided in Table 9.3.  Once again, each recovery was adjusted to a dry 
moisture basis to account for any differences in moisture content prior to evaluation.  
When the recoveries for the internal calibration method were compared with standard 
addition, the results were in good agreement, showing FA to be highly stable during 
processing.  The recoveries for the stages of processing were 98.1%, 102.9%, 102.5% 
and 99.1% during mixing, cutting, steaming and frying, respectively.  In all cases RSD 
values were below 4.5% with excellent linearity (R2 = 0.993), between 0.0 mg/L to 50 
mg/L.  A typical electropherogram of FA in fortified instant noodles is presented in 
Figure 9.8. 
 
Although the levels of addition of FA used here were higher than those commonly 
incorporated during fortification, the results confirm those reported recently (Bui et al., 
2007d) which were obtained using a microbiological assay and demonstrated only 
minor losses in FA during processing of instant noodles. However it should be noted 
that the sensitivity of the CE procedure reported here is currently insufficient for 
extracts of foods fortified at typical levels as these would require at least a tenfold 
decrease in the LOD. 
 
Further studies of the analysis of folic acid were directed to the application of HPLC to 
samples of fortified instant noodles. 
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Table 9.3 Formulation for internal calibration curve standards for CE analysis 
 
[FA] 
(mg/L) 
v (300 ppm NA 
Stock Solution) 
(mL) 
v (300 ppm FA 
Stock Solution) 
(mL) 
Sample extract 
(mL) 
Total volume 
(mL) 
0 2.00 0 8.00 10.00 
10 2.00 0.33 7.67 10.00 
20 2.00 0.67 7.33 10.00 
30 2.00 1.00 7.00 10.00 
40 2.00 1.33 6.67 10.00 
50 2.00 1.67 6.33 10.00 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.8 Electropherogram of α-amylase extracted FA in fortified instant 
noodles using the internal calibration curve.  Separation was performed 
using a buffer consisting of 8 mM phosphate, 12 mM borate, 5% 
MeOH/water (v/v) (pH 9.5).  Voltage: 28 kV; temperature: 30 °C; UV 
detection was performed at 214 nm.  The theoretical efficiency of NA 
and FA was 62760 and 62569 plates, resepectively. 
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Chapter 10 - Results and discussion: Comparison of CE and 
RP-HPLC 
The purpose of this chapter is to compare the quantitative capability of the optimised 
CE method with respect to a RP-HPLC technique.  Additionally, the sensitivity of the 
analysis will be compared along with the linearity, recovery, precision and accuracy of 
FA throughout the processing of instant noodles. 
 
10.1 Introduction 
Added FA in foods is present in relatively low concentrations, and thus analysis requires 
techniques which are able to detect low levels on a reliable and accurate basis.  
Internationally, microbiological assay has been regarded as the main choice for folate 
determination, providing a high degree of sensitivity for a wide range of food matrices 
(Bui et al., 2007b; Bui et al., 2007c; Bui et al., 2007d; Dang, Arcot & Shrestha, 2000; 
Han et al., 2003; Iwatani et al., 2003; Johnston et al., 2002b; Lim et al., 1998; Rader et 
al., 1998; Yon et al., 2003).  On this basis, studies were carried out to increase the LOD 
for the optimised CE method through the manipulation of sample injection conditions.  
Furthermore, RP-HPLC was also studied with respect to its applicability for the analysis 
of low levels of FA in laboratory manufactured instant fried Asian noodles with the 
results compared to those obtained with CE. 
 
10.2 Effect of sample stacking on the LOD for CE 
In this study, the LOD based on the calculation of three times signal-to-noise, was 2.2 
mg/L.  Although the sensitivity of this procedure was sufficient in demonstrating the 
effect of instant noodle manufacture processing on the stability of added FA, several 
attempts to enhance the LOD were trialled using sample stacking either by matrix 
dilution or varying injection volumes. 
 
Sample stacking is a concentrating effect of the analyte zone and occurs when the 
sample is dissolved in a more dilute solution than the buffer (Weston et al., 1997).  
Sample stacking techniques utilise the consequences of matrix differences between the 
plug of injected sample zone relative to the surrounding buffer to cause ions of the 
sample to accelerate towards the adjacent buffer zone when the separation voltage is 
applied.  As the sample ions cross boundary between sample and buffer zones, a lower 
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local electrical field strength is encountered, causing a decrease in velocity and the 
slowed sample ions compress into a buffer zone substantially smaller than the original 
sample zone volume (McCormick, 1992). 
 
Several dilutions at volumes ranging from 0.1 mL to 0.5 mL per 10 mL were trialled.  
When diluting the working FA standards as described in Section 7.5.4, it was assumed 
that a 10 mg/L standard could be made and subsequent aliquots could be taken to make 
the working standards.  This, however, was not the case as standards between 0.3 mg/L 
and 1.0 mg/L produced inconsistent and non-linear regression co-efficients.  Instead, 
each working standard had to be made individually then diluted to the required 
concentration. 
 
All working standards lower than 1.0 mg/L and sample extracts at each stage of 
processing produced unrepeatable and inaccurate recoveries both between runs and days 
as the baseline noise proved to be excessive, in turn limiting accurate and repeatable 
integration.  An example of FA, extracted using α-amylase, during the mixing stage of 
fortified Asian instant noodles and based on a standard addition calibration curve with 
sample stacking by dilution is shown in Figure 10.1.  When the retention time of the 
internal calibration curve electropherogram (Figure 9.8) is compared to that of the 
retention time of FA shown in Figure 10.1, they are significantly different.  This 
however is expected due to the nature of the analysis.  Whereas Figure 9.8 is a direct 
analysis of an extract, in Figure 10.1, the technique of sample stacking has been 
employed. Another possible contributory factor is the different modes of injection 
applied. Electrokinetic and hydrodynamic injection modes were applied for Figures 9.8 
and 10.1, respectively. 
 
As can be seen in Figure 10.1, the peak symmetry is very poor and rather skewed.  
Analyses of each standard and sample were performed in triplicate however in both 
cases these failed to repeat the previous result.  This was particularly observed during 
the analysis of sample extracts from the cutting stage where no distinguishable FA peak 
could be determined in any of the triplicate analysis.  Additionally, the results were 
somewhat difficult to calculate as the linearity and standards for the calibration curve 
were inconsistent.  As a result, the recoveries produced for the remaining stages of 
processing ranged from 103% to 115%.  Sample stacking by increasing the injection 
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volume was also tested however this method proved to be ineffective as peak shapes 
became broader as a result of overloading.  Furthermore, in all cases FA could not be 
quantified due to a noisy baseline.  The IS however was clearly visible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10.3 Stability of FA by CE and HPLC in fortified instant Asian noodles 
In order to demonstrate the stability of added FA at concentrations below the LOD of 
the CE technique, a previously developed RP-HPLC technique was utilised (Osseyi et 
al., 2001).  The RP-HPLC technique was formerly used to determine the stability and 
distribution of added FA and various endogenous folates during breadmaking.  Prior to 
use, the method was modified with respect to the wavelength, extraction of the sample 
and pH of the mobile phase. 
Fig. 10.1 Electropherogram of α-amylase extracted FA in dough crumbs from 
fortified instant noodles using sample stacking by dilution and the 
internal calibration curve method.  Separation was performed using 
a buffer consisting of 8 mM phosphate, 12 mM borate, 5% 
MeOH/water (v/v) (pH 9.5).  Voltage: 28 kV; Temperature: 30 °C; 
UV detection was performed at 214 nm.  The concentration of FA 
was calculated to be 0.2 mg/L 
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It should be noted that the RP-HPLC method reported in our work was not specifically 
optimised but rather adapted. Here it has been used for comparative purposes in relation 
to the CZE method.  The RP-HPLC method was developed and optimised by Osseyi 
and co-workers (Osseyi et al., 1998).  With respect to the ruggedness of the RP-HPLC 
system, it is acknowledged that the conditions under which the RP-HPLC column has 
been run are close to the limits of pH that would normally be used for such a column.  
The basis for varying the pH was that FA has enhanced stability under elevated pH 
conditions.  It is noted that this did not affect the run times as separation achieved was 
still high satisfactory while the column has been used under these conditions on a 
regular basis over a period of some weeks. Moreover, the repeatability of the 
chromatographic behaviour of FA also indicates that the column has suitable stability. 
 
Another reason for the highly alkaline condition was due to the nature of the ion-pairing 
agent.  The addition of tetrabutylammonium dihydrogen phosphate in the 
chromatographic buffer enables the retention of ionic species on RP C18 columns.  This 
technique requires ionisation of the analyte so that ion-exchange ionic association with 
the ion-pairing reagent can occur which, for folates, requires a neutral or basic pH 
(Doherty et al., 2003). 
 
When compared to the RP-HPLC method, the recovery of added FA during 
manufacturing was in excellent agreement with the results obtained by using CE.  A 
representative chromatogram of FA extracted by enzyme treatment of Asian instant 
noodles is provided in Figure 10.2.  Recoveries of the added vitamin ranged from 95.4 - 
104.8% when analysed at concentrations below 2.0 mg/L for RP-HPLC.  The LOD for 
RP-HPLC was found to be 0.10 mg/L when calculated using the ISO standard method 
(ISO, 2000).  Details of the recoveries for both CE and RP-HPLC are presented in 
Table 10.1.  It should be noted that although the instant Asian noodles were fortified 
with FA to a relatively high level, small sample sizes were extracted and analysed using 
both analytical techniques in order to determine the potential of both methods when 
future studies are conducted at the regulatory levels.  Repeatability and reliability 
between runs for peak response and retention times were excellent for all samples 
analysed (Table 10.2) and for the construction of the analytical curves (Table 10.3).  In 
Table 10.2, retention times for all standards were excellent and highly reproducible 
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though some variability was noticed with samples analysed by CE.  However, when 
comparing the ratios between FA and the IS, repeatability was consistent. 
 
The stability of FA in instant noodles in this study was found to be at variance from that 
reported previously (Bui et al., 2007d).  In the study by Bui and Small (Bui et al., 
2007d), FA was also used as the form of folate for fortification, however analysis by 
microbiological assay revealed that the forms of total and free folate measured were 
degraded to some extent during the same processing conditions.  Although the findings 
here indicate adequate stability of the FA fortificant, it is noted that the form of folate 
measured, the extraction procedure employed, and the method of analysis were all 
different from the previous work. 
 
Similar RP-HPLC methods have been reported for the determination of FA with many 
previous reports focusing on the challenges of measuring the many naturally occurring 
forms of folate in the presence of fortificants (Breithaupt, 2004; Prieto et al., 2006; 
Ruggeri et al., 1999; Vahteristo et al., 1998; Vahteristo et al., 1997).  In this work, the 
approach taken was significantly different in that the stated purpose here has been to 
consider extraction issues in conjunction with a comparison of the CE and RP-HPLC 
procedures, but with an emphasis on rapid analysis of samples.  The performance of the 
current method is particularly addressed here in terms of the consistently high 
recoveries of the known amounts of FA added to the food products. These were 
recovered following the application of a variety of processing treatments. 
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Fig. 10.2 RP-HPLC chromatogram of α-amylase extracted FA in fortified 
instant noodles after frying.  Separation was performed using 
isocratic elution with a mobile phase consisting of 27% MeOH (v/v) 
in aqueous potassium phosphate buffer (3.5 mM KH2PO4 and 3.2 mM 
K2HPO4), pH 8.5, and containing 5 mM tetrabutylammonium 
dihydrogen phosphate as an ion-pairing agent.  The flow rate was 1 
mL/min; Temperature 25 °C; UV detection was performed at 282 
nm.  The concentration of FA was calculated to be 1.1 mg/L. 
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Table 10.1 Comparison of results between CE and RP-HPLC for the recovery of 
added FA during the manufacturing of instant Asian noodles 
 
CE RP-HPLC Processing 
effect 
Average 
Recovery* 
(%) 
SD RSD (%) Average 
Recovery* 
(%) 
SD RSD (%) 
Mixing 103.5 0.40 0.39 96.0 0.31 0.32 
Sheeting and 
cutting 
102.9 1.32 1.28 95.5 0.23 0.24 
Steaming 102.5 4.47 4.36 101.3 0.36 0.36 
Frying 99.1 4.30 4.34 104.8 0.31 0.29 
 
Notes 1 Recoveries were adjusted to a dry weight basis 
 * Average of 3 determinations between runs 
 
 
Table 10.2 Reproducibility of retention times for CE and RP-HPLC for the 
recovery of added FA during the manufacturing of instant Asian noodles 
 
CE RP-HPLC Processing 
effect 
tmig 
FA* 
tmig 
NA* 
Average 
tmig 
(FA/NA)
 
SD RSD 
(%) 
Average 
tr* 
SD RSD 
(%) 
Mixing 11.313 8.928 1.267 0.006 0.471 5.171 0.0006 0.0112 
Sheeting and 
cutting 
10.399 8.365 1.243 0.005 0.414 5.171 0.0075 0.1452 
Steaming 11.037 8.738 1.263 0.005 0.411 5.160 0.0038 0.0734 
Frying 10.924 8.687 1.257 0.0001 0.015 5.163 0.0032 0.0623 
   
Notes 1 CE, from 10-50 mg/L ranged from 0.06-2.57 % RSD 
 2 RP-HPLC, from 0.1-1.6 mg/L ranged from 0.17-3.05 % RSD 
 3 tmig-migration time in CE; tr - retention time in HPLC 
 4 Average of 3 determinations between runs 
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Table 10.3 Area repeatability of calibrations for CE and RP-HPLC 
 
Analytical 
method 
Concentration 
(mg/L) 
Average 
area* 
SD RSD (%) 
10 0.107≠ 0.010 9.225 
20 0.205≠ 0.008 4.007 
30 0.300≠ 0.001 0.388 
40 0.408≠ 0.010 2.439 
CE 
50 0.514≠ 0.002 0.333 
0.1 5.500 0.100 1.818 
0.4 20.900 0.100 0.478 
0.8 41.633 0.208 0.500 
1.2 66.900 0.200 0.299 
RP-HPLC 
1.6 81.833 0.058 0.071 
   
Notes 1 * Average of 3 determinations between runs 
 2 ≠ Area = Area of FA/Area of NA 
 
 
In relation to the LOD, the purpose of the current study was not specifically to enhance 
the sensitivity of existing analytical methods.  However the relevant data has been 
provided within the text. These show that for both methods the LOD is not as low as 
some previous reports. None-the-less the method provides a rapid analysis approach 
with ample sensitivity for samples fortified to provide a proportion of the nutrient 
reference values (including recommended daily intake values). 
 
Folate vitamers differ widely with respect to their susceptibility to oxidative 
degradation, thermal stability, and the pH dependence of their stability (Ball, 1998).  
Gregory (Gregory, 2008) reported 0% loss of FA when a model liquid food system 
(fortified) was heated at 100 °C, 30% at 120 °C and 60% at 140 °C, for 25 min.  By 
comparison, relatively minimal loss should be expected if the product is steamed at 100 
°C for 2 min or fried at 150 °C for 45 s.  FA stability was additionally enhanced through 
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the presence of antioxidants (Madziva et al., 2005).  Reducing agents including ascorbic 
acid, cysteine and thiols exert multiple protective effects on folates through their actions 
as oxygen scavengers, reducing agents and free radical scavengers (Arcot et al., 2002; 
Gregory, 2008).  As a result, 0.1% of L-AA was added to the FA stock solution before 
subsequent dilutions for preparations of working standards, whilst 0.1% of L-cysteine 
was incorporated when preparing the extracting solutions. 
 
10.4 Modification of the RP-HPLC method for FA analysis in boiled noodles 
Modification of the RP-HPLC conditions described above was initially begun by 
comparing the LOD of FA standards between 0.005 mg/L to 1.0 mg/L using various 
mobile phases reported in literature (Schieffer et al., 1984; Wolfe et al., 2001).  The 
majority of the mobile phases used for the analysis of FA or folate derivatives using RP-
HPLC have been predominantly phosphate-based or involved a combination of 
phosphates with a choice of ion pairing agents (Doherty et al., 2003; Gujska et al., 2005; 
Jastrebova et al., 2003; Nilsson et al., 2004; Osseyi et al., 2001; Patring et al., 2005; 
Phillips et al., 2005; Ruggeri et al., 1999; Stea et al., 2006; Vahteristo et al., 1996a; 
Vahteristo et al., 1996b; Vahteristo et al., 1997).  In the previous work, a mobile phase 
consisting of 27% MeOH (v/v) in aqueous potassium phosphate buffer (3.5 mM 
KH2PO4 and 3.2 mM K2HPO4), pH 8.5, and containing 5 mM tetrabutylammonium 
dihydrogen phosphate as an ion-pairing agent was used to investigate the stability of FA 
during the manufacture of instant fried noodles (Hau Fung Cheung, Hughes, Marriott & 
Small, 2009).  However, in order to quantify FA at considerably lower levels the 
conditions of the analytical technique required changes.  After a series of trials, a binary 
gradient elution consisting of acetic acid (glacial) ((1% v/v) in Milli-Q water) (solvent 
A) and ACN (solvent B) (95:5) proved to be the most effective in producing a LOD 
(0.015 mg/L at 3 times the signal to noise ratio) suitable for the desired purpose of 
analysing unencapsulated FA at lower levels, particularly in boiled instant Asian 
noodles.  FA eluted at approximately 8.94 min with excellent peak shape and baseline 
separation.  Linearity (y = 45.49x, R² = 0.999) and reproducibility between runs for 
samples (SD 0.06-1.07, RSD 2.11-3.93%) were also satisfactory. 
 
In an effort to increase efficiency and throughput, further studies were carried out with 
respect to varying the relative proportions of solvents A and B.  The ratio between these 
was varied between 95% to 75% and 5% to 25%, respectively.  When solvent A was 
Chapter 10 
111 
 
adjusted to 90% and solvent B to 10%, elution of FA occurred at approximately 4.45 
min (y = 43.625x, R² = 0.999, SD 0-0.10, RSD 0-4.76%) with satisfactory baseline 
separation (Figure 10.3).  However for any variation for solvent A between 85% to 75% 
and 15% to 25% for solvent B, FA co-eluted with interfering peaks resulting in 
quantification difficulties.  These conditions were similar to those reported by (Wolfe et 
al., 2001), whereby 5-CH3H4PteGlu was determined in spinach samples using 90% 0.1 
M acetic acid/ 10% ACN.  In addition to varying the conditions of the mobile phase, the 
type of elution was also investigated.  Studies showed that by using an isocratic instead 
of a gradient elution, the retention time of FA remained unaffected whilst still 
maintaining excellent baseline separation, linearity and repeatability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10.3 Chromatograph of FA standards between 0.05 mg/L - 2.0 mg/L using 
isocratic elution.  Separation was performed with mobile phase A 
consisting of acetic acid (glacial) ((1% v/v) in Milli-Q water) and 
mobile phase B acetonitrile (ACN) (90:10).  Flow rate: 1.0 mL/min; 
Temperature: 25 °C; UV detection was performed at 280 nm    
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It should be noted that although these studies were performed on the stability of 
unencapsulated FA in boiled noodles, both gradient and isocratic methods were used to 
determine stability during the manufacturing of instant Asian noodles.  This was done to 
confirm that the acetic acid/ACN mobile phase mixture produced similar results to those 
obtained using the phosphate based mobile phase in the previous report (Hau Fung 
Cheung et al., 2009).  Findings showed that both the gradient and isocratic methods 
were suitable in demonstrating the stability of unencapsulated FA during noodle 
processing with recoveries in excess of 99% (gradient elution: mixing, 99.4%; cutting, 
100.0%; steaming, 102.5%; frying, 99.7%; isocratic elution: mixing, 101.3%; cutting, 
103.6%; steaming, 101.3%; frying, 100.9%).  In all cases RSD values were below 
2.26% with excellent linearity (y = 49.96x, R2 = 0.999), between 0.0 mg/L to 2.0 mg/L 
for gradient elution and below 6.95% for isocratic elution between 0.0 mg/L to 1.5 
mg/L (y = 41.541x, R2 = 0.9995). 
 
The concentration of acetic acid was also evaluated, with the objective to determine 
whether the highly acidic nature of the mobile phase was detrimental to the performance 
of the column.  Previous researchers have reported that the use of a low pH solvent with 
a variety of HPLC columns for the elution of folate derivatives were favourable with a 
pH of typically 2.3 being used (Doherty et al., 2003; Gujska et al., 2005; Jastrebova et 
al., 2003; Nilsson et al., 2004; Patring et al., 2005; Phillips et al., 2005; Ruggeri et al., 
1999; Stea et al., 2006; Vahteristo et al., 1996a; Vahteristo et al., 1996b; Vahteristo et 
al., 1997). 
 
In the current work, the same approach was adopted as a low pH mobile phase was used 
to promote the ionisation of FA.  Although the conditions under which the RP-HPLC 
column had been run were around the limits of pH that would normally be used for such 
a column, the run times and the separation achieved were good.  Additionally, it is also 
emphasised that the particular column has been used under these conditions on a regular 
basis over a period in excess of three months with the repeatability of the 
chromatographic behaviour of FA proving suitable stability of the column.  Based upon 
these studies it was concluded that the most suitable RP-HPLC conditions for the study 
was with isocratic elution, performed with mobile phase A consisting of acetic acid 
(glacial) (1% v/v in Milli-Q water) and mobile phase B (ACN) (90:10).  The flow rate, 
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temperature and wavelength were derived from those of a previous study (Hau Fung 
Cheung et al., 2009). 
 
On the basis of the evaluations of the methods reported here, suitable methods were 
available for the final studies of folic acid stability and strategies for the enhancement of 
stability during processing of instant noodles. 
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Chapter 11 - Results and discussion: Stability of 
unencapsulated FA during boiling by RP-HPLC and the 
application of microencapsulation techniques 
The purpose of this chapter is to describe the results obtained when folic acid was 
encapsulated and the stability of the resultant microencapsules was studied in relation to 
the processing of instant noodles. 
 
11.1 Introduction 
One of the primary concerns with FA fortification is the stability of the water-soluble 
vitamin after processing.  In light of current knowledge and the research available, 
potential novel techniques for enhancing folate content, stability and bioavailability in 
food products should be evaluated (Dziezak, 1988).  Microencapsulation technology 
offers several advantages as it is an inclusion technique for confining a substance into a 
polymeric matrix coated by one or more semi-permeable polymers, by virtue of which 
the encapsulated compound becomes more stable than it is isolated form.  In this 
context, the effect of boiling on the stability of unencapsulated FA in instant Asian fried 
noodles is discussed and encapsulation techniques to enhance FA stability are also 
described. 
 
11.2 Recovery of unencapsulated FA in instant Asian fried noodles after boiling 
Up to this point, FA has been shown to be a highly stable water-soluble B-group 
vitamin throughout the manufacture of instant Asian noodles. However no studies have 
been conducted using RP-HPLC for the stability of FA in instant noodles when 
subjected to boiling, which is, cooking the noodles for household consumption.  Hence, 
to determine the effect of boiling on the stability of unencapsulated FA, noodle samples 
were cooked using the method described in Section 7.14 prior to extraction and analysis 
by RP-HPLC. 
 
When either the gradient or isocratic methods were utilised, the results showed that 
approximately 27% of FA was lost when noodles were fully cooked in boiling water, 
consistent with the findings in the previous study (Bui et al., 2007d). These workers 
reported that for white salted, yellow alkaline and instant noodles, there was loss of 
approximately 40% total folate from the early stage of processing to the final stage of 
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boiling the noodle sample, measured by the microbilogical assay.  A typical 
chromatogram of extracted FA in boiled noodles is shown in Figure 11.1 and the 
calculated results are shown in Table 11.1.  Degradation of added FA can be attributed 
to either chemical degradation or leaching. Losses have been shown to occur in other 
foods by leaching during blanching and boiling where elevated temperatures are 
encountered (Selman, 1994).  Hence, in order to determine if leaching was partially 
responsible for FA loss, the cooking water in which the instant noodles were boiled was 
also tested.  To account for any differences in moisture content of the instant noodles 
before and after boiling the results were adjusted to a dry weight basis, as performed for 
all the noodle extracts analysed. 
 
Furthermore, due to water evaporation during boiling, the volume of water before and 
after boiling was also monitored and taken into account when calculating recoveries of 
folic acid.  This difference in mass was also measured during steaming, where an 
increase in overall weight was observed, and in frying where sample mass decreased 
due to a loss of moisture but an uptake of fat, which reduces mass.  Extraction and 
analysis of any residual FA in the cooking water demonstrated that approximately 0.6% 
of FA was leached and retained in the cooking water (Table 11.1), which supports the 
hypothesis that partial loss of added FA during cooking does occur (Figure 11.2).  The 
remaining proportion for non-specific FA loss could therefore be attributed to chemical 
degradation. 
 
11.3 Evaluation of microencapsulation conditions and choice of binding agents 
Microencapsulation by spray drying was applied as a means of enhancing FA stability.  
The coating of a microcapsule is designed to prevent diffusion of material either from 
within or from the exterior into a microcapsule (Reineccius, 2001).  Thorough reviews 
have been published on specific aspectas of microencapsulation technology (Cho, 2000; 
Hecht, 2002; Langrish, 2001; Re, 1998; Rosenberg et al., 1990; Rosenberg & Sheu, 
1988) including wall material properties (Buffo & Reineccius, 2000; Faldt & 
Bergenstahl, 1996; Gascon, Zuritz, Bustamante, De Borbon & Oberti, 1999; Hogan et 
al., 2001; Kim, Morr & Schenz, 1996; McNamee, O’Riordan & O’Sullivan, 1998; 
Moreau & Rosenberg, 1996; Sheu & Rosenberg, 1998; Wan, Heng & Chia, 1992) and 
of the applications of spray dried ingredients (Belghith, Ellouz Chaabouni & Gargouri, 
2001; Favaro-Trindade & Grosso, 2002; Man, Irwandi & Abdullah, 1999; Matsuno & 
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Adachi, 1993; Millqvist-Fureby, Malmsten & Bergenstahl, 1999; Rosenberg & Sheu, 
1996; Takeuchi, Yasuji & Yamamoto, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Various groups of researchers have demonstrated the use of encapsulation technology 
for a variety of core materials (Barbosa et al., 2005; Bruschi et al., 2003; Hogan et al., 
2001; Rosenberg et al., 1990; Shu et al., 2005; Trindade et al., 2000; Uddin et al., 2001; 
Watanabe et al., 2002; Yoshii et al., 2001) and although many have reported on 
applications for food ingredients including flavours and colourings, very few articles 
have been published regarding the vitamins, particularly FA. 
Fig. 11.1 Chromatograph of unencapsulated FA extracted in boiled noodles.  
Separation was performed using isocratic elution with mobile phase 
A consisting of acetic acid (glacial) ((1% v/v) in Milli-Q water) and 
mobile phase B ACN (90:10).  Flow rate: 1.0 mL/min; Temperature: 
25 °C; UV detection was performed at 280 nm   
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Table 11.1 Effect of boiling on unencapsulated FA Stability in instant fried 
noodles 
 
 Boiled noodles Noodle water 
Experimental FA 
concentration 
(mg/100 g)** 
33.10 10.17 
Expected FA 
concentration 
(mg/100 g)** 
49.58 2091.19 
Average Recovery 
(%)* 
66.76 0.49 
SD 0.21 0.06 
RSD (%) 1.54 4.68 
Gradient elution 
1% acetic acid/ACN 
(95:5) 
Cooking time 3 min 50 s 3 min 50 s 
Experimental FA 
concentration 
(mg/100 g)** 
35.19 9.91 
Expected FA 
concentration 
(mg/100 g)** 
48.50 1570.98 
Average recovery 
(%)* 
72.6 0.63 
SD 0.06 0.20 
RSD (%) 0.33 2.94 
Isocratic elution 1% 
acetic acid:ACN 
(90:10) 
Cooking time 3 min 30 s 3 min 30 s 
 
Notes 1 *Average of 3 determinations between runs 
 2 **Adjusted to a dry weight basis 
 
 
In one of the very few studies of FA (Madziva et al., 2005) it was reported that 
microencapsulation could be achieved using ALG and combinations of ALG and pectin 
polymers.  In those studies, the mixture was pumped through an encapsulation nozzle 
with a continuous flow of nitrogen into a gently agitated aqueous solution of CaCl2 
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where discrete FA laden microcapsules were formed upon contact with CaCl2 solution.  
The use of ALG in combination with pectin was reported to provide improved stability 
to FA as indicated after 11 weeks of storage at 4 °C where the retention in freeze-dried 
capsules was found to be 100% (Madziva et al., 2005).  The blended ALG and pectin 
polymer matrix increased FA encapsulation efficiency and reduced the leakage from the 
capsules compared to those made with ALG alone.  In another study conducted by the 
same group of scientists ALG and pectin capsules containing FA were tested for their 
stability in a milk system over a 4 h period.  Three stages of cheddar cheese 
manufacturing were studied for capsules distribution with encapsulated FA showing 
more stability than the unencapsulated FA in cheddar cheese during a 3 month ripening 
period (Madziva et al., 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11.2 Chromatograph of unencapsulated FA extracted in noodle water.  
Separation was performed using isocratic elution with mobile phase 
A consisting of acetic acid (glacial) ((1% v/v) in Milli-Q water) and 
mobile phase B ACN (90:10).  Flow rate: 1.0 mL/min; Temperature: 
25 °C; UV detection was performed at 280 nm   
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In the current study, microcapsules were prepared using procedures based upon spray 
drying using published methods (Trindade et al., 2000; Uddin et al., 2001; Zhao et al., 
1994) with the aim of enhancing FA stability during the boiling stage.  Microcapsules 
were produced using a pilot scale spray drying system and a carrier material consisting 
primarily of RS.  Spray drying was chosen as the primary method of microencapsulation 
as it is the most widely used microencapsulation technique in the food industry, with its 
typical uses including the preparation of dry, stable food additives, flavours and 
vitamins and minerals.  Moreover, spray drying is considered both economical and 
flexible, in that it offers a substantial variation in the microencapsulation matrix it can 
be adapted to commonly used processing equipment producing particles that are 
described as being of good quality (Desai et al., 2005). 
 
In order to determine which combination of hydrocolloid and wall material would 
provide the maximum retention of FA in both the microcapsules and during the boiling 
of fortified instant noodles, a variety of binding agents were tested with the wall 
material RS.  This materaial, which consists of 19% linear amylose chains with the 
remainder being branched amylopectin chains, was used whilst the encapsulation agents 
tested included GA, GG, XG, κ-carrageenan (KC) and combinations of ALG and LMP.  
After spray drying, the resulting capsules were obtained in yields of approximately 65-
85%. 
 
The appearance of capsule preparations was assessed using the ESEM. When the 
structure, appearance and size of the various microcapsule preparations was compared, 
little variation was observed regardless of which binding agent had been incorporated.  
An example of a typical micrograph of FA microcapsules is presented in Figure 11.3.  
The capsules appear to be spherical and the starch granules are effectively bound to 
each other by the components of the feed liquid. It is noted that the RS granules within 
the microcapsules retain the spherical character and show no obvious signs of damage 
or gelatinisation as a result of the spray drying procedure.  This characteristic was 
particularly important for ALG-LMP formulations as the solution was susceptible to 
precipitation after dissolution (gelation) due to their structural characteristics (Trudso, 
1991).  The diameters of the capsules ranged between 15 and 45 µm with the external 
appearance similar to that of products described by previous workers  (Trindade et al., 
2000; Zhao et al., 1994). 
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In terms of the pH of the feed solution, all formulations were adjusted to pH 8.0 after 
the addition of FA for two reasons; firstly, to increase the stability of FA during the 
spray drying process and secondly, to ensure that the pH of the microcapsules was at 
approximately the same pH as that of that typically found in instant Asian noodles.  
Binding agent concentrations were primarily chosen based upon their solubility in the 
RS solution.  Typically, 2% to 6% binding agent was used in the feed formulations (as 
per dry weight), however in the case of XG, the amount of water in the feed to be 
evaporated had to be increased as the viscosity was too high to allow convenient 
handling, and this resulted in a lower percentage of binding agent (0.36%). 
Fig. 11.3 Electron micrograph of 6% ALG-LMP FA microcapsules 
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Additionally, an ALG-LMP formulation containing 16.5% binding agent (calculated on 
a dry weight basis) was also produced but extra water was also added in order to 
increase flowability of the feed in the spray dryer.  Binding materials were initially 
selected from a wide variety of natural or modified polymers.  Each of the materials 
considered and tested exhibited characteristic properties that influenced their 
applications for microcapsule formation.  For instance, KC consists of linear 
heteropolysaccharides containing ester sulfate groups with (13) linked β-
galactopyranosyl-4-sulphate and (14) linked 3, 6-anhydro- α-D-galactopyranose, 
which enable the formation of gels (Bartkowiak & Hunkeler, 2001). XG, which are 
exocellular polysaccharides, are known for their ability to increase the viscosity of 
fluids without gel formation whilst providing good viscosity stability (Marrs, 1986).  
This is attributed to their structure, which consists of a β-D-glucose backbone with a 
charged trisaccharide side-chain (two D-mannose residues and a D-glucuronic acid 
residue) (Takigami, Williams & Philips, 1991). 
 
In contrast, binding agents of ALG and LMP were chosen for different reasons 
compared to KC and XG.  Both ALG and LMP possess the ability to react with calcium 
ions and form a stable network in what is typically referred to as the ‘egg box’ model 
(Figure 11.4).  ALG are a group of linear unbranched polysaccharides, which are 
composed of varying proportions of 1,4-linked β-D-mannuronic acid and α-L-guluronic 
acid residues (Gibbs et al., 1999).  When suspended in a CaCl2 solution, electrostatic 
interactions between the carboxylate groups of the guluronic acid residues and Ca2+ lead 
to the formation of mechanically stable networks (Han et al., 2007; Liu et al., 2002; 
Miyazaki, Kubo & Attwood, 2000; Park, Kang, Haam, Park & Kim, 2004c). 
 
LMP, in which the degree of esterification of the galacturonic acid residues is <50% is 
regarded as an anionic polyelectrolyte.  Though it is a heterogeneous polysaccharide, 
LMP contains linear chains of (14)-linked α-D-galacturonic acid residues.  In the 
presence of divalent ions including Ca2+ intermolecular cross-links form between the 
negatively charged carboxyl groups of the LMP galacturonic acid chains and the 
positively charged counter-ions resulting in extended conformationally regular junction 
zones (Dupuis, Chambin, Genelot, Champion & Pourcelot, 2006; Muhiddinov, 
Khalikov, Speaker & Fassihi, 2004; Pillay & Fassihi, 1998; Sungthongjeen, 
Sriamornsak, Pitaksuteepong, Somsiri & Puttipipatkhachorn, 2004; Tibbits, 
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MacDougall & Ring, 1998).  Hence, it both cases, LMP and ALG, another source of 
coating could be utilised if microencapsulation by spray drying proved to be 
unsuccessful in enhancing FA stability during boiling of instant Asian noodles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With respect to the conditions of the spray dryer, a co-current flow dryer system was 
employed whereby the product and air pass through the dryer in the same direction.  As 
the spray evaporation is rapid, the drying air cools accordingly, resulting in short 
evaporation times.  This in turn, helps minimise heat degradation of the powder as the 
product temperature is low during the time the bulk of the evaporation takes place. with 
droplet temperatures approximately equivalent to wet-bulb temperature levels (Masters, 
1985).  In addition, the flow rate, air pressure and temperature were all applied at the 
specified conditions in an effort to generate capsules which were small in particle size 
and these were expected to be comparable to larger starch granules and typical wheat 
flour particles.  The primary reason behind this operation was to minimise the effect of 
the capsules on food palatability and acceptability during consumption. Hence, if the 
size of the capsules was smaller than the flour particles, then the presence of the 
capsules in the final noodle product should be un-noticeable. 
 
Fig. 11.4 Egg box model diagram (Gibbs et al., 1999) 
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11.4 Stability of non treated FA microcapsules during boiling of instant Asian 
noodles 
Based upon their initial FA recovery, as determined by RP-HPLC certain microcapsules 
were chosen for fortification studies.  KC and ALG-LMP microcapsules were 
considered to be the most effective binding agents with the recovery of FA calculated to 
be at least 97% and was therefore chosen as the fortificants (Table 11.2).  In contrast, 
microcapsules with XG, GA and GG as the binding agents were not used as the 
recovery of FA appeared to be lower, varying between 75-93%.  Low recoveries were 
particularly seen in FA microcapsules that were adjusted to pH 5 prior to spray drying.  
This was done to establish whether a lower pH would affect the recovery of FA.  
Calculated recoveries showed that the adjustment of pH of the feed solution to 5.5 
proved to be detrimental to FA stability irrespective of the type of binding agent used 
(ALG, LMP or a combination of the two).  Furthermore, the addition of antioxidants in 
the feed solution did not appear to retard degradation of FA with recoveries still 
unfavourable presumably due to the pH adjustment. 
 
Prior to the fortification of instant Asian noodles with microencapsulated FA, the 
method in which the microcapsules were incorporated was evaluated.  In previous 
phases of this study, unencapsulated FA was dissolved in the salt solution and 
subsequently added to the flour during the mixing stage.  However, this procedure could 
not be applied for the FA microcapsules.  As a result, an alternative approach was 
employed, whereby the microcapsules were added directly to the flour and dry mixed 
for a specified period of time.  In order to ensure that the FA microcapsules were 
randomly and evenly distributed after the formation of the dough (following the 
addition of the salt solution), a number of sub samples were taken randomly from 
different sections of the dough after mixing and analysed for FA.  The results showed 
that FA microcapsules were uniformly distributed throughout the dough mixture as 
recoveries of 93.1-104.8% were obtained, when adjusted to a dry weight basis (Table 
11.3).  Furthermore, as it has already been established that unencapsulated FA was 
stable after the frying stage, it was concluded that there would be no need to determine 
the stability of microencapsulated FA during these processing stages.  Hence, in the 
remaining studies, the retention of FA microcapsules in the noodle matrix was only 
determined on samples taken after the boiling stage. 
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Table 11.2 Recovery of FA by RP-HPLC in spray dried microcapsules 
 
Hydrocolloid Spray 
dryer 
yield 
(%) 
Level of 
hydrocolloid 
added (%) 
Total mass 
of feed 
formulation 
(g)** 
Recovery 
(%)* 
SD RSD 
(%) 
KC 79.6 6.21 80.51 97.8 0.21 0.43 
ALG: LMP 65.3 2.4 102.6 98.4 0.06 0.02 
ALG: LMP 70.4 16.5 82.51 98.9 0.21 0.07 
 
Notes 1 *Average of 3 determinations between runs 
 2 **Based upon the dry weight of the feed formulation 
 
 
Fortified instant Asian noodles were boiled according to the procedure described in 
Section 7.14 prior to the analysis of FA by the RP-HPLC method developed in the 
course of this study.  The results illustrated that, regardless of the binding agent, FA 
remained vulnerable to degradation during boiling with recoveries of 63% for ALG-
LMP FA microcapsules and 69% for KC FA microcapsules (Table 11.4). The recovery 
values obtained were calculated on a dry weight basis, to account for any moisture 
difference between the samples and also took into consideration the recovery of FA in 
the original microcapsules.  For instance, if it was assumed that 100% of FA was 
recovered in the ALG-LMP microcapsules then the expected concentration of FA in the 
noodles would be the total mass of FA in the total feed formulation (on a dry weight 
basis) multiplied by the mass of the capsules used for fortification.  However, since the 
calculated recovery of FA in the microcapsules was 98%, then the expected 
concentration was calculated assuming 98% recovery instead of 100% (Table 11.2). 
 
Although this change may not significantly impact the final FA recovery, varying the 
expected FA concentration by only 2-3 %, this factor still needs to be considered as it is 
important for future studies as seen in later sections.  Additionally, when the boiled 
noodle water was tested, the leaching effect was still observed as 0.5% to 2.0% of FA 
was retained in the noodle water.  Cooking times for the boiled noodles with FA 
microcapsules were generally 3 min 20 s to 3 min 40 s. 
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Table 11.3 Distribution of FA microcapsules during mixing of instant noodle 
dough 
 
Section of 
noodle 
dough 
analysed 
Experimental FA 
concentration 
(mg/100 g)** 
Expected FA 
concentration 
(mg/100 g)** 
Recovery 
(%)* 
SD RSD 
(%) 
Top section 2.55 2.70 94.1 0.06 3.53 
Bottom 
section 
2.83 2.70 104.8 0.10 5.56 
Right side 2.71 2.70 100.1 0.06 3.33 
Left side 2.52 2.70 93.1 0.00 0.00 
 
Notes 1 *Average of 3 determinations between runs 
 2 **Adjusted to a dry weight basis 
 
 
Due to the apparent ineffectiveness of the microencapsulation method applied, several 
factors were evaluated in an effort to enhance the stability of FA.  One approach which 
was adopted was to increase the concentration of the binding agent, in particular, the 
concentration of ALG and LMP in the feed solution, which would then subsequently be 
used as the fortificant.  Concentrations of ALG and LMP were both increased to 8.25% 
in the feed solution, totaling 16.5%. However as described earlier, the feed solution was 
too thick and so it was necessary to incorporate additional water.  Despite the increase 
in hydrocolloid concentration similar results were obtained when the fortified boiling 
noodles were analysed as only 46% of FA was retained, while FA in the noodle water 
was not detected (Table 11.4).  Although this result may be considered unsuccessful in 
that a higher recovery of FA was not attained, the length of the boiling time, which was 
approximately 5 min 20 s does demonstrate that increasing the encapsulating agent is 
somewhat effective.  If the FA microcapsules previously tested retain about 65% of FA 
when boiled for approximately 3 min, then the FA microcapsules with a higher 
percentage of binding agents show a higher stability as only 20% more was lost from 
fortified noodles, which were boiled for almost twice as long.  A micrograph of ALG-
LMP FA microcapsule in the noodle matrix is shown in Figure 11.5. 
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Table 11.4 Stability of untreated FA microcapsules in boiled instant fried 
noodles and noodle cooking water 
 
 KC ALG: LMP 
(6%) 
ALG: LMP 
(16.5%) 
Experimental FA 
concentration (mg/100 g)** 
2.08 1.50 2.22 
Expected FA concentration 
(mg/100 g)** 
3.01 2.37 4.76 
Average Recovery (%)* 69.16 63.35 46.75 
SD 0.20 0.06 0.15 
RSD (%) 1.27 1.10 0.89 
Boiled 
noodles 
Cooking time 3 min 40 s 3 min 30 s 5 min 20 s 
Experimental FA 
concentration (mg/100 g)** 
3.19 0.54 ND 
Expected FA concentration 
(mg/100 g)** 
148.27 112.64 ND 
Average recovery (%)* 2.15 0.48 ND 
SD 0.30 0.06 ND 
RSD (%) 4.35 4.95 ND 
Noodle 
water 
Cooking time 3 min 40 s 3 min 30 s 5 min 20 s 
 
Notes 1 *Average of 3 determinations between runs 
 2 **Adjusted to a dry weight basis 
 3 ND-Not detected 
 
 
11.5 Effect of calcium treatment on spray dried FA microcapsules 
In an attempt to enhance the structural integrity of the spray dried microcapsules, 
calcium treatment was adopted as an external coating with FA microcapsules containing 
ALG and LMP dispersed in a 1 M CaCl2 solution.  As previously mentioned, ALG and 
LMP possess the ability to react with calcium ions and form a stable network.  Drug 
delivery studies (Dupuis et al., 2006; Han et al., 2007; Pillay et al., 1998; 
Sungthongjeen et al., 2004; Tnnesen & Karlsen, 2002) and other fortification studies 
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(Madziva et al., 2005) have reported a similar approach of using CaCl2 as a cross-
linking agent in preparation of capsules with ALG or pectin to enhance retention of core 
materials.  In instance of both polymers, enhanced retention of core materials was 
found, possibly due to the strength of the network formed during the process of reaction 
between the calcium cations and ALG or pectins described as the ‘egg box’ model. This 
network was stronger and induced a reduction in swelling and hydration when in 
contact with the dissolution medium, and subsequently a decrease in release of core 
material (Dupuis et al., 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To determine a suitable treatment time, FA microcapsules with 6% binding agent were 
allowed to crosslink with calcium cations for 1, 3 and 24 h after which the capsules 
were washed as per the procedure in Section 7.23.  Sub-samples from the same batch of 
treated capsule were also extracted for periods of between 0-6 h, prior to analysis by 
RP-HPLC.  Results revealed that varying time periods of coating using the 1 M CaCl2 
generally produced higher recoveries of FA.  Alternatively, extraction times of the 
Fig. 11.5 Electron micrograph of 6% ALG-LMP FA microcapsules in noodle 
matrix 
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calcium treated microcapsules did not exhibit any significant effect on the recovery of 
FA from the microcapsules especially at 24 h coating, where FA recoveries of 80.6% to 
84.4% were obtained (Table 11.5).  Interestingly, it was noted that some FA was lost 
during the coating process in which analysis of the filtrate by RP-HPLC showed 
approximately 15-20% of FA recovery from all capsules, independent of coating times.  
This accounted for the differences between optimal FA recovery of 100% and the 
achieved recovery, and could possibly be due to the presence of unencapsulated FA that 
was not effectively encapsulated during the spray drying process. Furthermore, 
increasing the proportion of binding agents from 6% to 16.5% of wall matrix (in 
relation to the amount of RS) in the microcapsule formulations gave similar levels of 
loss in the filtrate when subjected to calcium treatment and did not appear to be the 
cause for loss through unbound FA. 
 
Table 11.5 Recovery of FA (%) from calcium treated microcapsules with 
varied coating and extraction times 
 
Extraction time (h)* Calcium 
treatment (h) 
0 2 4 6 SD RSD (%) 
1 76 78.6 82.8 84.8 0.45-5.06 0.01-0.10 
3 75.8 84.3 84.7 83 0.64-2.13 0.01-0.04 
24 80.6 83.2 83.3 84.4 2.73-13.00 0.05-0.25 
 
Notes 1 *Average of 3 determinations between runs 
 2 All values were adjusted to a dry weight basis 
 
 
Trials were also conducted with respect to the pH of the extraction buffer as 0.1 M 
phosphate buffer (pH 8.2) and 0.1 M HCl (pH 1.2) buffer were used at different 
extraction times in the range of 0-6 h.  These conditions were chosen so to simulate in 
vivo conditions of pH in the small intestine and stomach, respectively.  Very high losses 
of FA with recoveries as low as 6.7% to 23.6% were found under the acidic conditions 
(Table 11.6) although this might have been expected as FA is reported to be realtively 
unstable in highly acidic conditions.  Evaluation of the calcium treatments showed that 
coating for 24 h and extraction in 0.1 M phosphate buffer (pH 8.2) for 2 h would be 
sufficient in extracting the FA from the calcium treated microcapsules.  Testing was 
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carried with FA microcapsules containing 6% ALG-LMP, it might be expected that the 
same treatment and extraction conditions might be useful for the FA microcapsules with 
increased binding agent concentration.  Additionally, it should be noted that these 
recovery values were then used in calculating the amount of FA expected in instant 
Asian noodles upon fortification with the calcium treated FA microcapsules (6% ALG-
LMP binding agent 80.2% recovery, 16.5% ALG-LMP binding agent 74.3% recovery). 
 
Table 11.6 Recovery of FA (%) from calcium treated microcapsules extracted 
in 0.1 M HCl and 0.1 M phosphate buffer with varied extraction 
times 
 
Extraction time (h)* Extraction buffer 
0 2 4 6 SD RSD (%) 
0.1 M HCl, pH 1.2 23.7 8.4 7.2 6.8 0.06-6.80 0.01-0.46 
0.1 M Phosphate, pH 8.2 74.8 80.2 73.8 77.9 1.46-3.91 0.03-0.08 
 
Notes 1 *Average of 3 determinations between runs 
 2 All values were adjusted to a dry weight basis 
 
 
11.6 Stability of calcium treated FA microcapsules in boiled noodles 
FA microcapsules subjected to calcium treatment for 24 h were used for fortification at 
3.0 to 5.0 mg/100 g (adjusted to a dry weight basis) in instant Asian noodles and 
assessed for FA stability after boiling.  The results demonstrate that the ALG-LMP FA 
microcapsules treated with CaCl2 generally provided enhanced stability to FA but this 
was dependent on the extent of boiling.  A typical micrograph of calcium treated 
capsules is presented in Figure 11.6.  Calcium treated FA microcapsules with 6% 
binding agent (ALG-LMP at 3% each), were boiled for 3 min and 20 s and this resulted 
in excellent FA stability with a recovery of 92%.  The leaching effect however did occur 
with an additional 2% of FA retained in the boiling noodle water.  In all studies relating 
to calcium treated FA microcapsules in instant Asian noodles, the calculation for the 
expected concentration of FA accounted for any FA lost during the washing of calcium 
treated FA microcapsules.  For example, in the above scenario, if 100% of FA was 
recovered after the washing stage, then the expected FA concentration, adjusted to a dry 
weight basis would be calculated as 6.21 mg/100 g.  However, since the microcapsules 
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retained approximately 80% of what was originally spray dried, then the expected FA 
concentration would be 4.97 mg/ 100 g (80% of 6.21 mg/100 g) (Table 11.7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
When instant Asian noodles from the same batch were subjected to a longer boiling 
time of 5 min 20 s, FA was still retained at 60% of the expected total FA concentration.  
Additionally, treated FA microcapsules containing 16.5% binding agent were also 
analysed and retained FA at 48% when boiled for 6 min 20 s (Table 11.7).  A typical 
chromatograph of calcium treated FA in boiled noodles is shown in Figure 11.7.  The 
primary purpose for determining the effect of boiling time on FA stability was due to 
consumer preference.  Typically, instant Asian noodles can be cooked for periods of 
time which vary quite widely.  Some consumers may prefer to cook their noodles for a 
short time frame, which would result in a more firm noodle strand, or cook the noodles 
until they are more elastic, which would produce a softer noodle strand.  Thus, by 
trialing different boiling times, we were able to determine the effectiveness of the 
calcium treatment. 
Fig. 11.6 Electron micrograph of structural differences between calcium 
treated and untreated FA microcapsules (16.5% ALG-LMP) 
 Notes 1 Non-calcium treated ALG-LMP FA microcapsules 
  2 Calcium treated ALG-LMP FA microcapsules 
A B 
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Table 11.7 Stability of FA in boiled noodles incorporating calcium treated 
microcapsules  
 
Type of FA  
microcapsule 
ALG: LMP (6%) ALG: LMP (6%) ALG: LMP (16.5%) 
Cooking time  3 min 20 s 5 min 20 s 6 min 20 s 
Experimental FA 
concentration  
(mg/100 g)** 
4.59 2.68 1.49 
Expected FA 
concentration  
(mg/100 g)** 
4.97 4.46 3.09 
Recovery (%)* 92.5 60.2 48.3 
SD 1.01 0.25 0.32 
RSD (%) 2.85 1.19 2.79 
 
Notes 1 *Average of 3 determinations between runs 
 2 **Adjusted to a dry weight basis 
 
 
Evaluation of the calcium treated microcapsule recoveries with the results obtained 
from the non treated FA microcapsules in boiled noodles illustrated that calcium treated 
ALG-LMP FA microcapsules exhibited increased stability of FA during boiling of 
fortified instant Asian noodles.  In addition, it was interesting to observe that after 5 min 
of boiling, no FA could be detected in the noodle water, which was also seen to occur 
regardless of the binding agent concentration used for encapsulation.  
 
Although calcium treated microcapsules did not retain FA to their maximum capacity 
when boiled in excess of 5 min, compared to non treated FA microcapsules and 
unencapsulated FA, calcium treatment was found to be effective when taking into 
account the boiling time.  A direct comparison of all FA microcapsules boiled between 
3 min 20 s to 3 min 40 s demonstrates that FA stability is increased by approximately 
29%.  Furthermore, when the binding agent is increased to 16.5%, and the noodles 
boiled at 5 min 20 s (non treated FA microcapsules) and 6 min 20 s (calcium treated 
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microcapsules), it can be seen that a similar recovery is produced when FA  capsules 
were coated with calcium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In summary, a series of trials were carried out on strategies for enhancing the stability of 
FA during the boiling of instant noodles. Spray drying using various hydrocolloid 
agents provided capsules with a suitable particle size but these did not provide a strong 
level of enhancement in the recovery of FA. When microcapsules based upon a 
combination of ALG and LMP as binding agents were treated with calcium ions, the 
level of recovery from boiled noodles was higher. This approach provides a potential 
means of effectively increasing dietary intakes from instant Asian noodles. 
 
Fig. 11.7 Chromatograph of calcium treated FA extracted from boiled 
noodles.  Separation was performed with mobile phase A consisting 
of acetic acid (glacial) ((1% v/v) in Milli-Q water) and mobile phase 
B ACN (90:10).  Flow rate: 1.0 mL/min;Ttemperature: 25 °C; UV 
detection was performed at 280 nm 
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Chapter 12 – General conclusions and recommendations for 
further research 
The purpose of this final chapter is to summarise the results obtained during the current 
study, draw final conclusions and make recommendations for further research into 
enzymes and Asian noodles. 
 
12.1 Major conclusions  
 
The final conclusions of this study are summarised here: 
1. A procedure for CE analysis of FA has been evaluated and optimised with respect 
to buffer components, pH of analysis as well as column temperature. This method 
has been found useful in the analysis of FA in instant noodles; 
 
2. In the CE analysis of FA, NA was used as an internal standard for quantition 
purposes. It was found that traditional external calibration approaches were 
unreliable due to matrix interference; 
 
3. Strategies were investigated that allowed for the reliable quantitation using CE and 
based upon standard addition. Samples of instant noodles at each stage of 
processing were found to give very similar results when standard addition was 
used; 
 
4. The optimized CE procedure ultimately lacked sufficient sensitivity for the 
analysis of FA fortificant except at relatively high levels of addition into instant 
noodle formulations; 
 
5. Based upon the application of the CE analysis procedure to studies of Asian 
instant noodles made under laboratory conditions it was found that FA was 
relatively stable during the processing steps of dough mixing, sheeting, steaming 
and deep frying; 
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6. Various HPLC analyses of FA were also studied and two of these were found 
useful in providing greater sensitivity than the optimised CE procedure. When 
applied to samples of instant noodles, HPLC analysis confirmed the observations 
that FA is relatively stable during processing. However it was also found that 
some of the losses in FA were due to chemical degradation trather than to leaching 
as the boiling water contained a relatively small proportion of the FA that is lost; 
 
7. Spray drying was found to provide a convenient means of encapsulating FA when 
a series of hydrocolloid gums was used as encapsulating agents. The stability of 
the FA in these encapsulated prepartions may have offered some level of 
protection but the recoveries of FA from the resultant instant noodles remained at 
values of approximately sixty percent; 
 
8. Microcapsules prepared using ALG and LMP appeared to provide excellent 
protection of FA through a treatment using calcium ions which facilitated 
crosslinking of the hydrocolloid components. When instant noodles containing 
these preparations were boiled for moderate periods, virtually no FA was lost and 
only extended periods of heating caused readily measurable losses. 
 
In conclusion, a series of comprehensive studies of methods for extraction and analysis 
of FA utilizing CE and HPLC, have provided useful options for the analysis of FA in 
instant Asian noodles. These procedures have been applied to a study of the 
microencapsulation of FA. Some of the FA capsules developed here have now provided 
enhanced retention of FA, particularly during cooking of instant noodles. 
 
12.2 Possible areas for future research  
 
This study has concentrated on instant Asian noodles as these are of increasing 
popularity globally. The methods developed here may, following suitable adaptation 
and validation be more widely applicable. The investigation of the approaches to 
extraction and analysis may provide a useful basis for studies of other flour based foods 
and other foods generally. It would of value to extend this work to other flour and cereal 
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grain foods and to other nutritional components including other vitamins. One specific 
example is of steamed breads which represent a staple food in parts of Asia including 
northern China. Typical formulations contain ingredients which would be expected to 
result in alkaline conditions in the product. Accordingly studies of these products may 
also provide further insights on the nutritional value of flour based foods. It is known 
that cereals can be a significant source of niacin in the diet and although this is regarded 
as a relatively stable vitamin, further studies are recommended. Such work may also 
lead to a reassessment of our understanding of the adequacy of nutrient intakes and the 
impact of processing.  
 
In referring to the current state of knowledge on folates and the fortification with FA, it 
is highlighted that different approaches are used in different countries, varying levels of 
addition are used, and that the impact of fortification needs clearly to be monitored. It is 
hoped that the methods developed in the current study might provide a useful basis for 
ongoing investigations in this area. Certainly the optimized CE approach reported here 
has the potential to provide rapid, cheap and reliable results for pharmaceutical products 
used as folate supplements.  
 
These studies also highlight the significance of optimizing analytical conditions, and, at 
least as importantly, the issue of extraction of FA from foods where the application of a 
single enzyme treatment was demonstrated to be useful for the studies reported here. 
The use of a single enzyme for starch-rich foods also offers cost savings in routine 
analysis situations which will become increasingly important as mandatory fortification 
is more widely adopted around the globe. 
 
The findings of this study provide a strong basis of knowledge for the use of instant 
noodles as a suitable vehicle for fortification with micronutrients. Further investigations 
might beneficially be aimed at the development of strategies for using instant noodles 
for enhancing dietary intakes of other vitamins as well as mineral fortificants using 
Asian noodles.  
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The demonstration of a strategy having the potential to ensure that FA used as a 
fortificant is associated with a high level of retention is the first such report related 
specifcally to cereal based foods. Further studies might usefully consider additional 
approaches or others complementary to those reported here. FA is a water soluble 
nutrient and so it is likely that other water soluble components might be encapsulated 
using similar strategies. There is also scope for larger scale trials to study all of these 
nutrients to ensure the economical and optimal application of the findings. 
 
In conclusion, the research reported here provides a systematic investigation of 
procedures for the rapid analysis of FA used as a food fortificant. The data confirms the 
relative stability of the vitamin in instant noodles and gives practical methods that will 
allow for the enhanced stability of this important micronutrient. It is hoped that this 
work might form the basis of further studies of Asian noodles and other food products, 
ultimately leading to the enhancement of their nutritional value for expecting mothers as 
well as the wider population and our future generations. 
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Appendix 1 
Details of CCD for the optimisation of pH, kV and temperature on area response 
of FA 
 
Factors:       3     Replicates:     1 
Base runs:    18     Total runs:    18 
Base blocks:   2     Total blocks:   2 
 
Two-level factorial: Full factorial 
 
Cube points:             8 
Center points in cube:   2 
Axial points:            6 
Center points in axial:  2 
 
Alpha: 1 
 
 
Design Table (randomized) 
 
Run  Blk   A   B   C 
  1    2   0   0   1 
  2    2   1   0   0 
  3    2   0   0  -1 
  4    2   0   0   0 
  5    2   0   1   0 
  6    2  -1   0   0 
  7    2   0  -1   0 
  8    2   0   0   0 
  9    1   1   1  -1 
 10    1   1  -1  -1 
 11    1   0   0   0 
 12    1   0   0   0 
 13    1  -1   1  -1 
 14    1   1  -1   1 
 15    1  -1   1   1 
 16    1  -1  -1   1 
 17    1   1   1   1 
 18    1  -1  -1  -1 
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Minitab output for the response surface regression: area versus block, 
temperature, kV, pH for all runs 
 
The analysis was done using coded units. 
 
Estimated Regression Coefficients for Area 
 
Term                          Coef  SE Coef       T      P 
Constant                  0.849311  0.01889  44.968  0.000 
Block                     0.010743  0.01290   0.833  0.433 
temperature               0.001703  0.01296   0.131  0.899 
kV                       -0.043506  0.01296  -3.356  0.012 
pH                       -0.035968  0.01296  -2.775  0.028 
temperature*temperature  -0.014162  0.02580  -0.549  0.600 
kV*kV                     0.002509  0.02580   0.097  0.925 
pH*pH                    -0.121581  0.02580  -4.712  0.002 
temperature*kV            0.008901  0.01449   0.614  0.559 
temperature*pH           -0.001003  0.01449  -0.069  0.947 
kV*pH                    -0.025262  0.01449  -1.743  0.125 
 
S = 0.04099   R-Sq = 89.4%   R-Sq(adj) = 74.2% 
 
 
Analysis of Variance for Area 
 
Source          DF    Seq SS    Adj SS    Adj MS      F      P 
Blocks           1  0.011922  0.001165  0.001165   0.69  0.433 
Regression       9  0.087145  0.087145  0.009683   5.76  0.015 
  Linear         3  0.031894  0.031894  0.010631   6.33  0.021 
  Square         3  0.049504  0.049504  0.016501   9.82  0.007 
  Interaction    3  0.005747  0.005747  0.001916   1.14  0.397 
Residual Error   7  0.011764  0.011764  0.001681 
  Lack-of-Fit    5  0.011430  0.011430  0.002286  13.72  0.069 
  Pure Error     2  0.000333  0.000333  0.000167 
Total           17  0.110831 
 
 
Obs  StdOrder   Area    Fit  SE Fit  Residual  St Resid 
  1        16  0.627  0.681   0.031    -0.054     -1.98 
  2        12  0.777  0.826   0.031    -0.049     -1.82 
  3        15  0.789  0.753   0.031     0.036      1.34 
  4        18  0.864  0.839   0.016     0.026      0.69 
  5        14  0.793  0.798   0.031    -0.004     -0.15 
  6        11  0.855  0.823   0.031     0.032      1.19 
  7        13  0.872  0.885   0.031    -0.013     -0.48 
  8        17  0.864  0.839   0.016     0.026      0.69 
  9         4  0.761  0.756   0.037     0.005      0.27 
 10         2  0.772  0.775   0.037    -0.003     -0.15 
 11         9  0.839  0.860   0.028    -0.022     -0.72 
 12        10  0.864  0.860   0.028     0.004      0.14 
 13         3  0.707  0.733   0.037    -0.025     -1.38 
 14         6  0.781  0.751   0.037     0.030      1.61 
 15         7  0.620  0.612   0.037     0.007      0.39 
 16         5  0.767  0.768   0.037    -0.001     -0.04 
 17         8  0.649  0.632   0.037     0.017      0.95 
 18         1  0.774  0.787   0.037    -0.013     -0.71 
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Estimated Regression Coefficients for Area using data in uncoded units 
 
Term                             Coef 
Constant                     -47.8634 
Block                       0.0107428 
temperature                 0.0132171 
kV                           0.156407 
pH                            9.88756 
temperature*temperature  -5.66486E-04 
kV*kV                     0.000627188 
pH*pH                       -0.486323 
temperature*kV            0.000890137 
temperature*pH           -4.01173E-04 
kV*pH                      -0.0252618 
 
 
 
Minitab output for the response surface regression: area versus block, 
temperature, kV, pH excluding standard run no. 12 and 16 
 
The analysis was done using coded units. 
 
Estimated Regression Coefficients for Area 
 
Term                          Coef   SE Coef        T      P 
Constant                  0.857484  0.005083  168.693  0.000 
Block                    -0.005602  0.003816   -1.468  0.202 
temperature               0.012005  0.003816    3.146  0.026 
kV                       -0.043506  0.003441  -12.644  0.000 
pH                       -0.024613  0.003816   -6.450  0.001 
temperature*temperature   0.004657  0.009423    0.494  0.642 
kV*kV                    -0.030180  0.007632   -3.954  0.011 
pH*pH                    -0.097496  0.009423  -10.347  0.000 
temperature*kV            0.008901  0.003847    2.314  0.069 
temperature*pH           -0.001003  0.003847   -0.261  0.805 
kV*pH                    -0.025262  0.003847   -6.567  0.001 
 
S = 0.01088   R-Sq = 99.3%   R-Sq(adj) = 98.0% 
 
 
Analysis of Variance for Area 
 
Source          DF    Seq SS    Adj SS    Adj MS      F      P 
Blocks           1  0.027855  0.000255  0.000255   2.15  0.202 
Regression       9  0.058781  0.058781  0.006531  55.17  0.000 
  Linear         3  0.022063  0.024948  0.008316  70.24  0.000 
  Square         3  0.030971  0.030971  0.010324  87.20  0.000 
  Interaction    3  0.005747  0.005747  0.001916  16.18  0.005 
Residual Error   5  0.000592  0.000592  0.000118 
  Lack-of-Fit    3  0.000259  0.000259  0.000086   0.52  0.711 
  Pure Error     2  0.000333  0.000333  0.000167 
Total           15  0.087228 
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Obs  StdOrder   Area    Fit  SE Fit  Residual  St Resid 
  1        15  0.789  0.790   0.010    -0.001     -0.22 
  2        18  0.864  0.863   0.005     0.001      0.13 
  3        14  0.793  0.789   0.008     0.004      0.56 
  4        11  0.855  0.856   0.010    -0.001     -0.22 
  5        13  0.872  0.876   0.008    -0.005     -0.68 
  6        17  0.864  0.863   0.005     0.001      0.13 
  7         4  0.761  0.757   0.010     0.004      0.95 
  8         2  0.772  0.776   0.010    -0.004     -0.90 
  9         9  0.839  0.852   0.007    -0.013     -1.68 
 10        10  0.864  0.852   0.007     0.012      1.57 
 11         3  0.707  0.713   0.010    -0.006     -1.31 
 12         6  0.781  0.775   0.010     0.006      1.43 
 13         7  0.620  0.616   0.010     0.004      0.95 
 14         5  0.767  0.771   0.010    -0.004     -0.90 
 15         8  0.649  0.655   0.010    -0.006     -1.48 
 16         1  0.774  0.768   0.010     0.006      1.45 
 
 
Estimated Regression Coefficients for Area using data in uncoded units 
 
Term                             Coef 
Constant                     -45.1676 
Block                     -0.00560156 
temperature                -0.0298876 
kV                           0.614049 
pH                            8.07980 
temperature*temperature   0.000186263 
kV*kV                     -0.00754499 
pH*pH                       -0.389982 
temperature*kV            0.000890137 
temperature*pH           -4.01173E-04 
kV*pH                      -0.0252618 
 
 
Minitab output for the response surface regression: area versus [Phosphate], 
[Borate] including all runs 
 
The analysis was done using coded units. 
 
Estimated Regression Coefficients for Area 
 
Term                          Coef   SE Coef       T      P 
Constant                  0.849944  0.015363  55.324  0.000 
[Phosphate]              -0.003883  0.008415  -0.461  0.676 
[Borate]                  0.005446  0.008415   0.647  0.564 
[Phosphate]*[Phosphate]  -0.003694  0.014575  -0.253  0.816 
[Borate]*[Borate]        -0.000375  0.014575  -0.026  0.981 
[Phosphate]*[Borate]     -0.030517  0.010306  -2.961  0.059 
 
S = 0.02061   R-Sq = 75.9%   R-Sq(adj) = 35.8% 
 
 
Analysis of Variance for Area 
 
Source          DF    Seq SS    Adj SS    Adj MS     F      P 
Regression       5  0.004021  0.004021  0.000804  1.89  0.318 
  Linear         2  0.000268  0.000268  0.000134  0.32  0.751 
  Square         2  0.000028  0.000028  0.000014  0.03  0.968 
  Interaction    1  0.003725  0.003725  0.003725  8.77  0.059 
Residual Error   3  0.001275  0.001275  0.000425 
Total            8  0.005296 
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Estimated Regression Coefficients for Area using data in uncoded units 
 
Term                             Coef 
Constant                   -0.0225139 
[Phosphate]                 0.0928183 
[Borate]                    0.0808918 
[Phosphate]*[Phosphate]  -9.23407E-04 
[Borate]*[Borate]        -9.38685E-05 
[Phosphate]*[Borate]      -0.00762915 
 
 
 
Minitab output for the response surface regression: area versus [Phosphate], 
[Borate] excluding standard run no. 4 
 
The analysis was done using coded units. 
 
Estimated Regression Coefficients for Area 
 
Term                          Coef   SE Coef        T      P 
Constant                  0.861287  0.006234  138.150  0.000 
[Phosphate]              -0.003883  0.003117   -1.246  0.339 
[Borate]                 -0.003061  0.003655   -0.837  0.490 
[Phosphate]*[Phosphate]  -0.020708  0.006613   -3.132  0.089 
[Borate]*[Borate]         0.008132  0.005727    1.420  0.291 
[Phosphate]*[Borate]     -0.030517  0.003818   -7.993  0.015 
 
S = 0.007636   R-Sq = 97.4%   R-Sq(adj) = 91.0% 
 
 
Analysis of Variance for Area 
 
Source          DF    Seq SS    Adj SS    Adj MS      F      P 
Regression       5  0.004430  0.004430  0.000886  15.20  0.063 
  Linear         2  0.000093  0.000131  0.000066   1.13  0.470 
  Square         2  0.000612  0.000612  0.000306   5.25  0.160 
  Interaction    1  0.003725  0.003725  0.003725  63.89  0.015 
Residual Error   2  0.000117  0.000117  0.000058 
Total            7  0.004547 
 
 
 
 
Estimated Regression Coefficients for Area using data in uncoded units 
 
Term                            Coef 
Constant                   -0.181313 
[Phosphate]                 0.177889 
[Borate]                   0.0341027 
[Phosphate]*[Phosphate]  -0.00517697 
[Borate]*[Borate]         0.00203291 
[Phosphate]*[Borate]     -0.00762915 
 
 
 
.
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Appendix 2   Moisture content of noodles at various stages of processing 
Moisture content of noodle samples for CE and RP-HPLC analysis at various stages of instant fried Asian noodles processing 
Stage of 
processing 
Mixing Cutting and sheeting Steaming Frying Boiling Noodle water 
Triplicate no. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
(Dish+lid) (g) 42.44 40.96 45.67 45.49 40.29 42.01 45.66 42.62 45.47 46.53 40.68 43.30 37.95 40.29 40.01 53.67 44.30 44.42 
m(Dish+lid+ 
noodle) (g) 
44.42 43.01 47.71 47.54 42.31 44.04 47.71 44.64 47.51 48.54 42.76 45.36 38.96 41.35 41.05 54.70 45.33 45.43 
Initial 
m(noodles) 
(g) 
1.98 2.05 2.04 2.05 2.02 2.04 2.05 2.03 2.04 2.01 2.08 2.07 1.01 1.06 1.04 1.03 1.03 1.01 
m(Dish+lid+ 
noodle) after 
drying (g) 
43.75 42.30 47.01 46.88 41.66 43.39 46.96 43.92 46.76 48.46 42.67 45.27 38.33 40.66 40.37 53.70 44.33 44.44 
m(Noodles) 
after 
drying(g) 
1.31 1.34 1.34 1.40 1.37 1.38 1.31 1.30 1.29 1.92 1.99 1.98 0.37 0.37 0.36 0.03 0.03 0.03 
Initial 
m(noodles)-
m(noodles) 
after drying 
(g) 
0.67 0.71 0.70 0.66 0.65 0.65 0.75 0.72 0.75 0.09 0.09 0.09 0.63 0.69 0.68 1.00 1.00 0.99 
% Moisture 
content loss 
33.76 34.56 34.17 31.93 32.22 32.10 36.43 35.74 36.59 4.24 4.36 4.32 62.84 65.05 65.43 97.04 97.34 97.27 
Average 34.16 32.08 36.25 4.31 64.44 97.22 
S.D. 0.40 0.15 0.45 0.06 1.40 0.16 
RSD (%) 1.17 0.45 1.25 1.32 2.17 0.16 
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Appendix 3   Summary of published procedures and applications of HPLC techniques to the analysis of folates 
Folate Derivative Method Details Extraction/Purification 
details 
Sample matrix Reference 
Folic acid RP-HPLC: Isocratic 
elution, Zorbax C18 
column, UV-Vis (280 nm), 
flow rate (1.0 mL/min), 20 
µL injection, mobile phase: 
(24-26%):(76-74%) 
methanol (v/v) in 
potassium phosphate buffer 
(0.0035 M KH2PO4 and 
0.0032 M K2HPO4) 
containing 5 mM 
tetrabutylammonium 
dihydrogen phosphate, pH 
6.8, column temperature 
25°C 
Homogenisation with 0.1 M 
K2HPO4 containing 0.05% 
(w/v) ascorbate, pH 8-9; α-
amylase extraction (1.0 
hr/65°C); SPE (Quaternary 
amine SAX cartridge) 
Conditioning/extraction and 
elution buffer:  
0.1 M sodium acetate, pH 4.5 
containing 5% (w/v) 
Na2HPO4 and 0.05% (w/v) 
ascorbic acid 
Corn- (maize), wheat-
, rice- and oat-based 
cereal breakfast foods 
(Osseyi, Wehling & 
Albrecht, 1998) 
5-MTHF, 5-formylTHF, 
folic acid, 10-formylfolic 
acid and THF 
RP-HPLC: Gradient elution 
from 5% to 17% in 30 min 
FL (ex 290 nm/em 356 
nm), UV (290 nm), mobile 
phase: ACN-30 mM 
phosphate buffer, pH 2.2, 
flow rate 0.8 mL/min 
0.1 M phosphate buffer, pH 
6.0, containing 1% (w/v) 
sodium ascorbate and 0.1% 
2-mercaptoethanol 
Trienzyme extraction: α-
amylase (3 h), protease (1 
hr/37°C), deconjugase (3 
hr/37°C/pH 4.9) 
Affinity chromatography: 
Legumes (chickpeas 
and beans), processed 
meats 
(Ruggeri, Vahteristo, 
Aguzzi, Finglas & 
Carnovale, 1999) 
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THF, 5-formyl-THF, 10-
formylfolate and 5-
methyl-THF 
RP-HPLC: Isocratic elution 
(Microsorb-MV C18 
column), FL (ex 290 
nm/em 350, 450 nm), 20 
µL injection, flow rate 1.0 
mL/min, mobile phase: 
(24:76%) methanol (v/v) in 
potassium phosphate buffer 
(0.0035 M KH2PO4 and 
0.0032 M K2HPO4) 
containing 5 mM 
tetrabutylammonium 
dihydrogen phosphate, pH 
6.8, column temperature 
25°C 
Homogenisation in 0.1 M 
K2HPO4 (pH 8-9) containing 
0.1% ascorbate (w/v) and 
0.1% MCE; α-amylase 
extraction (1 hr/65°C/pH 
6.6), deconjugation (3 
hr/37°C); SPE (3 mL/500 mg 
Quaternary amine cartridge) 
Conditioning buffer: 
Extraction buffer 
Elution buffer: 
0.1 M sodium acetate, pH 4.5 
containing 5% (w/v) 
Na2HPO4 and 0.05% (w/v) 
ascorbic acid and 0.1% MCE 
Bread flour and bread (Osseyi, Wehling & 
Albrecht, 2001) 
Folic acid  RP-HPLC: 
Microparticulate C18 
column, isocratic elution, 
DAD (365 nm), 20 µL 
injection, flow rate 2.0 
mL/min, mobile phase: 6% 
ACN and 94% 0.1 M 
sodium acetate buffer, pH 
5.7 
Homogenisation with 0.01 M 
phosphate buffer, pH 7.4; 
SPE (2.8 mL/500 mg 
Quaternary amine SAX 
cartridge) 
Elution buffer: 
10 % NaCL, 0.1 M sodium 
acetate solution 
Commercial diet (Schieffer, Wheeler & 
Cimino, 1984) 
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Folic acid RP-HPLC: Eurospher C18 
column, gradient elution, 
UV (284 nm), 20 µL 
injection, flow rate 1.0 
mL/min, mobile phase: 
Solution A – 5 mM tetra-n-
butylammonium hydrogen 
sulphate and 25 mM NaCl, 
Solution B - 5 mM tetra-n-
butylammonium hydrogen 
sulphate, 25 mM NaCl and 
1 mM potassium 
dihydrogen phosphate in 
65% (v/v) ACN, column 
temperature 25°C 
0.1 M acetate buffer, pH 
4.9 
Homogenization in 0.1 M 
phosphate buffer, pH 6.1 
containing 1% (w/v) ascorbic 
acid and 0.1 % (v/v) 2,3-
dimercapto-ethanol; 
Deconjugation (3 h/37°C); 
SPE (3 mL/500 mg SAX 
cartridge) 
Conditioning buffer: 
n-hexane, MeOH and water 
Elution buffer: 
0.1 M sodium acetate 
containing 10% (w/v) NaCl 
and 50 mg (w/v) ascorbic 
acid. 
Vitamin-fortified fruit 
juices and fruit drinks 
(Breithaupt, 2004) 
Folic acid + six other 
water soluble vitamins 
RP-HPLC: Amide C16 
column, gradient elution, 
DAD (266 nm), 100 µL 
injection , flow rate 1.0 
mL/min, mobile phase: 10 
mM potassium 
dihydrogenphosphate 
solution, pH 6, column 
temperature 25°C 
Digestion with HCl (90°C /30 
min) and enzymatic digestion 
with taka-diastase (50°C /2 
hr, pH 4) 
Baby foods (infant 
formulas, cereals and 
fruit products) 
(Viñas, López-Erroz, 
Balsalobre & 
Hernández-Córdoba, 
2003) 
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5-MTHF RP-HPLC: Adsorbosphere 
C18 column, gradient 
elution, FL (ex 290 nm/em 
350 nm), DAD (280 and 
350 nm), 200 µL injection , 
flow rate 0.8 mL/min, 
mobile phase: 33 mM 
phosphate buffer with 
ACN, pH 2.2,  column 
temperature 28°C, 
autosampler temperature 
19-25°C 
Homogenization in 1 M 
potassium phosphate, 10 mM 
ascorbic acid, 10 mM MCE, 
pH 6.0 
Trienzyme treatment: α-
amylase extraction (1 
hr/37°C/pH 6), protease 
extraction (3 hr/37°C/pH 6) 
and deconjugation (14-18 
h/37°C); SPE (500 mg SAX 
cartridge) 
Conditioning buffer: 
Extraction buffer 
Elution buffer: 
1 M NaCl in 0.1 M potassium 
phosphate buffer 
Frozen fresh fruits 
and vegetables 
(Phillips et al., 2005) 
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5-MTHF RP-HPLC: Zorbax SB C8 
column, gradient elution 
from 6% to 25% in 20 min, 
FL (ex 290 nm/em 360 
nm), DAD (290 nm), 20 µL 
injection, flow rate 0.4 
mL/min, mobile phase: 30 
mM potassium phosphate 
buffer and ACN, pH 2.3, 
column temperature 23°C, 
autosampler temperature 
8°C 
Homogenization in 0.1 M 
phosphate buffer containing 
2% sodium ascorbate and 
0.1% 2-MCE, pH 6.0, 
deconjugation (3 h/37°C/pH 
4.9); SPE: (3 mL/500 mg 
SAX Isolute cartridge) 
Conditioning buffer: MeOH 
and water 
Elution buffer: 0.1 M sodium 
acetate containing 10% (w/v) 
NaCl, 1% (w/v) ascorbic acid 
and 0.1% (v/v) 2-MCE 
Beetroots (Jastrebova, Witthöft, 
Grahn, Svensson & 
Jägerstad, 2003) 
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H4folate, 5-HCO-
H4folate and 5-CH3-
H4folate 
HPLC: Gradient elution 
from 6 to 25% ACN in 20 
min, Zorbax C8 column, 
FL (ex 290 nm/em 360 
nm), UV (290 nm), flow 
rate (0.4 mL/min), 20 µL 
injection, mobile phase: 30 
mM potassium phosphate 
buffer at pH 2.3 and ACN, 
column temperature 23°C, 
autosampler temperature 
8°C 
Trienzyme extraction 
followed by SPE (500 mg 
sorbent SAX and phenyl 
endcapped (PH EC) 
cartridges) 
Conditioning buffer: SAX: 
Water 
PH EC: 0.03 M H3P04 
Elution buffer: 
SAX: 0.1 M sodium acetate, 
10% (w/v) NaCl, 1% (w/v) 
AA and 0.1% (v/v) MCE 
PH EC: 0.1 M sodium 
acetate, 10% (w/v) ACN, 1% 
(w/v) AA and 0.1% (v/v) 
MCE 
Raw and pickled 
beetroots, strawberry 
jam, yeast, wheat 
bread 
(Nilsson, Johansson, 
Yazynina, Strålsjö & 
Jastrebova, 2004) 
Folic acid HPLC: Gradient elution, 
C18 column, DAD (280 
nm), flow rate (0.8 
mL/min), 20 µL injection, 
mobile phase: A - 0.05 M 
CH3COONH4/CH3OH 
(99/1) and B - 
H2O/CH3OH (50/50), 
column temperature 25°C 
SPE (500 mg/3 mL 
Supelclean LC-18 cartridge) 
Conditioning buffer: 
1 mL MeOH and 1 mL water 
Elution buffer: 
MeOH/H2O (85/15) (v/v) 
Folic acid dissolved in 1 M 
NaHCO3 
Pharmaceutical 
formulation and 
biological fluids 
(blood serum and 
urine) 
(Chatzimichalakis, 
Samanidou, Verpoorte 
& Papadoyannis, 2004) 
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5-methyltetrahydrofolate 
(5-MTHF) and folic acid 
HPLC: Adsorbosphere C18 
column, FL (ex 290 nm/em 
355 nm), DAD (280 nm), 
flow rate 1 mL/min, mobile 
phase: A - 30 mM 
potassium phosphate, pH 
2.2, with 10 mg/L sodium 
azide 
B – 1% ACN 
Extraction buffer: 
0.1 M potassium phosphate, 
pH 6.0, with 10 mM 
mercaptoethanol, 10 mM 
ascorbic acid, and 10 mg/L 
sodium azide 
SPE (500 mg/20 mL SAX 
cartridge) 
Conditioning buffer: 
Extraction buffer 
Elution buffer: 
0.1 M phosphate, pH 6.0, and 
1 M NaCl containing 250 
mL/L ACN 
OJ concentrate, 
enriched refined 
wheat flour, frozen 
spinach, nonfat dried 
milk 
(Doherty & Beecher, 
2003) 
Folic acid HPLC: Waters symmetry 5 
µm C18, flow rate (1.0 
mL/min), 50 µL injection, 
DAD (280 nm), mobile 
phase: 100 mM phosphate 
buffer (1.41% w/v 
NaHPO4 and 1.36% w/v 
KH2PO4) (59:41), pH 7, 
column temperature 30°C 
SPE (Sep-Pak C18 cartridge) 
Conditioning buffer: 
MeOH and water 
Elution buffer: 
Methanol: sodium acetate 
buffer (pH 4; 20 mM) (50:50, 
v/v) 
Milks, fruit nectars, 
isotonic drinks and 
yoghurts 
(Prieto, Grande, Falcón 
& Gándara, 2006) 
H4folate, 5-CH3-
H4folate, 5-HCO-
H4folate, 10-formyl-folic 
acid (10-HCO-folic acid) 
and folic acid 
HPLC: octadecylsilyl 
column, FL (ex 290 nm/em 
356 nm), UV (290 nm), 
flow rate 0.8 mL/min 
Homogenisation in 0.075 
mM phosphate buffer with 
1% sodium ascorbate and 
0.1% 2-mercaptoethanol, pH 
6, Deconjugation (2 hr/pH 
4.9), SPE (SAX cartridge) 
Fish and chicken 
fillets 
(Vahteristo, 
Lehikoinen, Ollilainen, 
Koivistionen & Varo, 
1998) 
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5-MTHF, THF, 5-
formylTHF and 10-
formylfolic acid 
HPLC: Guard-Pak C18 
column, Gradient elution 
from 9 to 25% in 14 min, 
FL (ex 290 nm/em 356, 
360, 460 nm), UV (290 
nm), flow rate 0.5 mL/min, 
mobile phase: 30 mM 
potassium phosphate 
buffer, pH 2.2, column 
temperature 30°C 
Homogenisation (pH 6) 
α-amylase extraction (3 hr), 
deconjugation (3 hr/37°C, pH 
4.9); SPE (SAX quaternary 
amine cartridge) 
Vegetables, fruits, 
berries 
(Vahteristo, Ollilainen, 
Koivistoinen & Varo, 
1997) 
Folic acid LC-MS: C18 column with 
ion trap MS; mobile phase 
CAN:H2O:MeOH 
26:60:14 with 0.1% formic 
acid and 0.1% ME, 200 µL 
injection, flow rate 0.175 
mL/min, column 
temperature 25°C, spray 
voltage 4.5 kV and 
capillary temp 200°C, 
sheath and auxiliary gases 
55% and 15%. 
Homogenisation in 0.03 mM 
di-basic potassium phosphate 
buffer and 0.1% ME, pH 3.5 
SPE (100 mg BOND-ELUT 
phenyl cartridge) 
Conditioning buffer: MeOH 
and 0.03 HK2PO4 and 0.1% 
formic acid 
Fortified bread (Pawlosky, Hertrampf, 
Flanagan & Thomas, 
2003) 
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5-CH3H4PteGlu HPLC: LiChrosphere C18 
column, FL (ex 290 nm/em 
358 nm), 100 µL injection, 
flow rate 1.0 mL/min, 
mobile phase: 90% 0.1 M 
acetic acid/10% acetonitrile 
Homogenisation in 0.1 M 
sodium acetate/1% ascorbic 
acid, pH 4.5; Deconjugation 
(3 h/37°C); Affinity column 
chromatography: Washed 
with 0.05 M K2HPO4 and 
0.025 M K2HPO4. 
Elution buffer: 
0.1 M HCl 
Spinach (Wolfe, Finglas, Hart, 
Wright & Southon, 
2001) 
THF, 5-MTHF HPLC: Zorbax SB C8 
column, gradient elution 
from 6% to 25% in 20 min, 
FL (ex 290 nm/em 360 
nm), DAD (290 nm), 20 µL 
injection, flow rate 0.4 
mL/min, mobile phase: 30 
mM potassium phosphate 
buffer, pH 2.3, column 
temperature 23°C, 
autosampler temperature 
8°C 
Homogenisation in 0.1 M 
phosphate buffer, pH 6.1 
containing 1% (w/v) ascorbic 
acid and 0.1 % (v/v) 2,3-
dimercapto-ethanol; 
Deconjugation (3 h/37°C); 
SPE (500 mg Isolute SAX 
cartridge) 
Conditioning buffer: 
MeOH and water 
Elution buffer: 
0.1 M sodium acetate 
containing 10% (w/v) NaCl, 
1% (w/v) ascorbic acid and 
0.1 % (v/v) 2,3-dimercapto-
ethanol 
Peas, broccoli and 
potatoes 
(Stea, Johansson, 
Jägerstad & Frølich, 
2006) 
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5-CH3-H4folate, 10-
HCO-H2folate, 10-HCO-
PGA, 5-HCO-H4folate, 
Folic acid (PGA) 
HPLC: Phenomenex Luna 
C18 column, gradient 
elution from 5% to 17.5% 
in 25 min, FL (ex 290 
nm/em 356 nm) and (ex 
360 nm/em 460 nm), UV 
(290 nm), 1.0 mL injection, 
flow rate 1.0 mL/min, 
mobile phase: ACN 33 mM 
phosphate buffer, pH 2.3, 
column temperature 23°C 
Homogenisation with 
Hepes/Ches buffer, pH 7.85, 
containing 2% sodium 
ascorbate and 0.2 M 2-MCE; 
Trienzyme extraction: 
Deconjugation and α-amylase 
(4 h/37°C), protease (1 
h/37°C); Affinity 
chromatography: folate 
binding protein from bovine 
milk, eluted with 0.02 M 
trifluoroacetic acid/0.02 M 
dithioerytritol 
Cereal-grain products 
(buckwheat groats, 
rye flour, barley 
groats and wheat 
flour) 
(Gujska & Kuncewicz, 
2005) 
THF, 5-MTHF, 5-
formylTHF, 10-
formylfolic acid and folic 
acid 
HPLC: Aquasil C18 
column, gradient elution 
from 6% to 25% in 20 min, 
FL (ex 290 nm/em 360 
nm), DAD (290 nm), 20 µL 
injection, flow rate 1.0 
mL/min, mobile phase: 
ACN 30 mM phosphate 
buffer, pH 2.3, column 
temperature 23°C, 
autosampler temperature 
8°C 
Homogenisation with 0.1 M 
phosphate buffer, pH 6.1, 
containing 1% sodium 
ascorbate (w/v) and 0.1% 2-
MCE 
Deconjugation (3 h/37°C) 
Baker’s yeast (Patring, Jastrebova, 
Hjortmo, Andlid & 
Jägerstad, 2005) 
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H4folate, 5-CH3-
H4folate, 5-HCO-
H4folate and folic acid  
HPLC: Novapak C18 
column, gradient elution 
from 10% to 24% in 8 min, 
FL (ex 290 nm/em 356, 
360 and 460 nm), UV (290 
nm), 20 µL injection, flow 
rate 0.8 mL/min, mobile 
phase: 30 mM phosphate 
buffer with ACN, pH 2.2, 
column temperature 30°C 
Homogenisation in75 mM 
K2HPO4 containing 52 mM 
ascorbic acid/ascorbate 
mixture and 0.1% (v/v) 2-
MCE, pH 6.0, deconjugation 
(2 h/37°C/pH 4.9); SPE: (3 
mL SAX Quaternary amine 
cartridge) 
Conditioning buffer: 
MeOH and water 
Elution buffer: 0.1 M sodium 
acetate containing 10% (w/v) 
NaCl, 1% (w/v) ascorbic 
acid. 
Pig liver, milk 
powder and pollack 
fillet 
(Vahteristo, Ollilainen, 
Koivistoinen & Varo, 
1996) 
 
